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The methods employed and-the results obtained in a large-scale field test of optical instruments
are described. The tests were instituted to check the correctness of theoretical considerations and
of laboratory tests which have been used in the selection and design of such instruments. Field con-
ditions approximated as far as possible those in actual service. The test procedure was 1o approach
a group of distant targets in a destroyer escort and, using the instruments to be tested, {¢c record the
ranges at which each target could be first glimpsed, then seen continuously, and finally identified,
Observations were made by teams of six man on the signal bridge and other three-men teams on the

number two gun deck and on the lower deck. Tests were uynidn blocks of six muns, during which six
instruments were rotated among six men so that each man used a different instrument on each urn.

Of 2 total of 190 successful runs, 177 were made at night and 13 in the daytime. Tests were made
on the 18 different insiruments and some were made with an unaided naked eye. fhe .50 Relative
Range performance of the instruments based on the 7x50x7° as 100 is given
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FIELD TESTS OF OPTICAL INSTRUMENTS

1.  NAVORD REPORT 77-46 describes the procedure and dis-
cusses the results of a series of field tests on various

blnoculars, monoculars, and gun sights, and states the
relative merits of each.

2. The report should be useful to those engaged 1n the
design and procurement of such instruments, and will serve
as 8 guide to further testing of optical instruments in the
field. Comments and suggestions are invited.

3.

tion.This report does not supersede any existing publice-

4.  NAVORD REPORT T7-46 1s RESTRICTED and shall be safe-

guarded in accordance with the securit
¥ provisions of
1920, Article T76.

U. 8. Navy Regulations,

¢

C. W. Shilling, Capt.

%edécal Officer-in-
« 5. Naval Medical Research

U. 8. Naval Submarine Base saberatery

New London, Connecticut
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FOREWORD

FOREWORD

This report descrihbes the methods em-
ployed and the results obtained in & large-
scale fileld test of optical instruments. The
purpose of these tests was not to supersede
laboratory tests, but, rather, to supplement
and verify their results in order to essist
in the design and selection of such instru-
ments. The findings of this report show that
the laboratory testing of optical instruments
must be supplemented by a large-scale field
test before valid conclusions may be drawn,
It has been found, as a result of these field
tests, that some of the conclusions reached
solely as the result of laboratory tests hesve
been misleading. Leboratory findings, although
precise and essential, can not cover &ll of
the variable factors which affect the per-
formance of optical instruments when used by
naval personnel under operating coaditions,

The results of these tests show the need
fov additionsl field work of this type, and
also show that future design and selection of
optical instruments should be based on field
as well as laboratory results.

Because of rapid demobilization during
the course of the test, much valusble data

was accumulated which has not yet been

RESTRICTED

anelyzed to yield the information which may
be derived from it. To obtain full value
from the experiment it is essential that the
statistical analysis of the data be completed.

This experiment, which is the first of
its kind to be attempted, was performed as a
Bureau of Ordnance project. All work was per- 1
formed by the Medical Research Department,
C. W. 3hilling, Capt., MC, U. S, N., Medical
officer-in-Charge, U. S, Naval Submarine Base
under the immediate direction of Lieut.
W. S. Verplanck, H(S), U.S.N.R. Lt. Comdr,
Nathen Pulling, U.S.N.R. acted for BuOrd
throughout the experiment.

The present report wes prepared by
Lt. Verplanck, Dr. Charles E. Osgood and the
remainder of the staff of the experiment,
with the collaboration of the Stanley F.
Chamberlain organization, and of the Optical
Inspection ILaboratory, Pennsylvania State
College. The basic reports presents,hrief-
1y, the methods used and the results obtained
'Appendix A presents detailed findings on each
instrument tested; Appendix B, the full tech-
nicgl detail and discussion of all procz3ures
and conclus;ons; Appendix C summarizes the
basic data, and personnel is listed in

Appendix D,
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SUMMARY

SUMMARY

The tests were conducted in Gardiner's
Bay, Long Island Sound, during September,
October, N&;émber and the first half of Decem-
ber 1945. These tests, the first of their
kind, were instituted to check the correct-
ness of theoretical cénsiderations and of
laboratory tests which have been used in the
selection and design of such instruments. It

was thought that the laboratory data, while

(1) 7x50x7° Anti-Vibration (4) 6x50x7°

precise, could not cover all the factors which
affect actual performance of the instruments
as used by typicael naval personnel at sea,
and might mislead designers. These field
experiments were therefore made under con-
ditions approximating, in so far as possible,
those of actual service.

Briefly described, the test procedure was

to approach a group of distant targets in =2

(8) 8x60x9°

Hount - . (5) 6xt2x12° (9) 7x50x7°
(2) 10x50x7° i6) 9x63x5.7° (10) 4x28x10°
(3) 7X50X7° (7) 10X70X7° NDRC (ll) 7X50X10°

Figure 2. Some of the 1

RESTRICTED 3

nstruments tested
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destroyer escort and, using the instruments to of six runs, during which six instruments

be tested, as shown in Figure 1, to record the were rotated among six men so that each man

renges at which each target could be first used a different instrument on each run

1imps ’
glimpsed, then seen contimuoisly, and finally This rotation was designed to control varia-

identif . J
ied. Observations were made by teams tions resulting from differences in the abil-

of six m
en on the signal bridge and other ities of the observers and in the particular

three-

e-men teams on the number two gun deck and * These three observation positions might
more properly be termed respectively, "navi-
gator's bridge","boat deck", and "main deck"
Usage differs on this nomenclature.

on the lower deck*. Tests were run in blocks

' LEGEND
(22) 21x76x2.8°

(13) 6x30x8,5°

(14) 10x80x7°
(15) 25x100x3.6°
(17) 16 for 23) x 96x3,2°
Figure 3,

(16) 6x33x8°

(18) 20x120x3°
{or 2.20)
More of the test instruments
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STATEMENT OF FINDINGS

conditions of each run, For all tests, at
least one of the instruments was a 7x50x7°
binocular, held by hand, which was adopted

as the standard with which all others were
compared. Ranges obtained with this instru-
ment were taken as 100%, and ranges for other
instruments are expressed in terms of this
7x50x7° range.

A total of 190 successful runs vwas made
during the three-and-one-half-month period
of the experiment., Of these, 177 were at
night, and 13 in the daytime. Tests were
made on the 18 different instruments shown
in Figs. 2 and 3, and some were run on the
unaided naked eye. The .50 Reletive Range
performance (.S50RRP) of the Lnstruments, based
on the 7x50x7° as 100, is given in Fig.}.

Besides rating the instruments, a num-

ber of conclusions of obvious practical
value or implication have beén drawn from
the data and are included 1in this repoct.
These include quentitative results on the
effects of magnification and exit pupil
diameter, of the use of mounts, of vibra-

tion, and on other speclal problems,

.

A secondary objective of the tests--
to devise a successful method of field
testing--was accomplished, and new statis-
tical methods of handling data obtained in
such tests were developed. Proposed tests
on aircraft and on sky-scanning procedure .
were not made because of difficulties in
securing the aircraft. Tests of the effect-
ivenesas ofwarious color filters for haze
penetration were carried out and will be

described in a separate report.

STATEMENT OF FINDINGS

The principel conclusions derived from
these tests are summerized as follows:

(1) For night use a binocular is to be
preferred to & monocular instrument since &
binocular increases the visual range by at
least 10%. This clear-cut advantege does
not obtain by day, when the monocular shovws
but slightly inferior performance.

(2) If exit pupil is held constant, in-
crease in range at night occurs, with in-
crease in magnification, up to at jeast
10-power for a hend-held instrument, and up
to at least 20-power for & mounted instru-
ment. By day, 6, 7, and 10-power hand-held
binoculars are equally effective, but ranges

of mounted instruments increase with magnifi-

RESTRICTED

cation up to at least 20 power, as they do
by night. Higher power might have shown
further increases but suitable instruments
were not available for test, e.g., the
Japanese 30x180x2.5°.

(3) The best all-around hand-held binoc-
ular was the 10x50x7°, which possesses sub-
stantial advantages over the 7x5017°.

The best all-around mounted blnocular
was the 20x120x3°, which was the most power-
ful binocular tested, hsving an amplo sxit
pupil.

(4) The provision of suiteble mounts,or
of rests for hand-held instruments, will ex-
tend the range of any instrument by approxi-
mately 10%. Anti-vibration mounts, if they
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are fully developed, should lead to even more
substantial gains, especially by dey.
strongly urged that suitable mounts, or elbow
rests, be provided wherever binoculars are
employed.

(5) Differences among instruments are
most striking in the sighting and identifica-
tion of targets in known positions at night;

in search probiems such differences ape less

marked.

It is

(6) Several phenomena, some unexpected,

relative to the use of optical instruments by

different observers, and under different con-

ditions of visibility were discovered, and

require further research if the most efficient

use of optics 1s to be obtained.

The rating of the instruments tested 1is

summarized in Fig. &. Supplementary findings

are reported and discussed in the text and in

Part IT of Appendix B.

BASIC INFORMATION

The human eye, with the Instruments
which modern optical design and engineering
brovide fopr it, remains the only detection
device which does not betray its presence.
For this reason, the development of improved

radar equipment hag not made optical devices

obsolete, but, on the contrary, has created

& fresh demand for their 1mprovement, so

that they can efficiently Supplement the

information obtained by electronic means.

This section describes briefly some of
the problems of optical design, ang discusses

the considerations entering into the design

of the experimental tests, The section

should serve both to clarify the terminology
used and to indicate why the experiment took
the form 1t diqd.

Critical Problems of Optical Design

Optical instruments are designated by

three figures: one, the magnificatio,

2 of
the instrument; tvo, the diameter of the ob-

Jective lens in millimeters; and three, the
diameter of the visual field in degrees,

Thus, the 6xl2x10© binocular magniries g

times,

has an objective lens 42 millimeters

in diameter, and covers s visual field 12o

in diameter. 7The exit pupil diameter mey be

obtained by dividing the objective-lens

dlameter by the magnification. Thus, for the

)
6x42x12°, the exit pupil is ég, or 7 mm. in

diameter. The 24x96x2.2 monocular telescope

magnifies 24 times, has an exit pupil of

gg or &4 millimeters, and covers only a

o
2.2 fleld. Three variables--magnification,

exit bupil, and fielqd size~--are of great im-
portance in the design of instruments frop

the point or view of vision and compromises
must be made among them.

Magnification 1s the ratio of the lineap

dimensions of the image, as seen through the

1nstrument, to the linear dimensions of the
object as seen by the nakeq €ye. 1In general
)

high power requires g longer instrument or

& longer optical bath from objective to
eyepiece.

Exit pupil 1s the di&meter, in milii-
meters, of the beam of light leaving the
optical 1nstrument, which may enter the pPupil

of the eye wheu the instrument 18 held the
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proper distance from the eye.* The larger
the exit pupll, the wider is this beam of
light and the brighter is the image which
can fall on the light-sensitive membrane of
the eye. By the laws of optics, increase
in exit pupil dlameter can be obtained only
at the expense of decreasing magnification
or by increasing the diameter of the objec-

tive lens and thus the size of the instrument.
Fleld silze is the diameter, in degrees,
of the circular area visible through a given
optical instrument. Increase in field size
requires larger prisms, thus increasing the
size and weight of the instrument, and cre-
ates other technical difficulties in the

manufacture of the optical system.
Each of these factors plays a large

role in determining the effectiveness of an
optical instrument in increasing the range
at which targets may be seen. Magnification
is important for both night and day use. At
all times it increases the size of the image
on the light-sensitive membranes of the eye,
making details visibls which would other-
wise be too small to be distinguished beczuse
of the imiting grain of the eye. Further-
more, the eye 1s actually more sensitive to
large objects than to small, especlally at
night. Under a glven level of night brightness,
the eye 1s better able to detect a large, dim
target than a brighter but smaller one.

No definitive data have yet appeared from

the laboratcory on the useful top 1imit of
magnification for either hand-held or mounted

instruments. It has been considered that

vibration of & vessel and tremor of the
observers head and eye would set a sharp

]
*This distance is termed "eye relief" or
"eye distance."
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1imit beyond which further increase in mag-
nificetion would have no effect.

Exit pupil diameter i1s a factor which
is significant only at night. Since the
pupil of the eye itself finally limits the
size of the beam which can enter it, &
large exit pupll achieves noshing when the
eye pupil 1s contracted, as 1t 1s by day.
But exit pupil is highly important at night.
First, the eye needs the maximum amount of
light possible to function most efficiently,
and, second, the pupll of the dark-adapted
eye 1s fully expanded, so that a maximum
amount of light can enter. Since the ever-
age individual's dark-adapted pupil dlameter
is in the neighborhood of 7 mm., 1t has
been considered that 1little could be gained
by manufacturing optical insfruments with
exit puplls larger than this figure. How-
ever, since many people have larger pupil
diameters, and since a large exit pupil
prevents losses of light by "clipping,”
(vhen it is impossible to keep exit pupil
and eye pupll exactly lined up); some have
considered that a definite gain might be
obtained by further increase in exit pupil
diameter beyond 7 mm.

In order to see best at night, a cer-
tain minimum area of the eye must be
stimilated uniformly. This area is smaller
than the magnified field size of all optical
instruments used in the service, and from
he physiological point of view, all glasses

the

have large enough fields. A larger fileld
does, however, permit more rapid and effic-
ient scanning, and is thus important for

search, and for locatlon of targets of known

position.
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Each of these three variables--magnifi-
cation, exit pupil, and field size--should
be as large as bossible, but an increase in
any one of them involves either a sacrifice
of one or both of the others, or else an
overall increase in size, weight, cost, and
difficulty of Production. Where the size
or welght of an instrument is 1imited it is
necessary to compromise among the three re-
quirements, and to choose the values of each
which will meet the weight and size Jimita-
tions and sti1] Yleld the greatest visual
efficiency,

Other optical broperties which enter
into design of a lens system are resol :ag
bower, light transmission and contrast ren-
dition, Resolving power is the abllity or
the optical System to measure very small

angles., Light transmission 1s the DPercentage
of incident light which emerges after losses
within the optical parts by absorption, and
by reflection, Contrast rendition measures
the ability of an optical instrument to
broduce good imagé contrast 8t the eye by
reduction of those factors which scatter
stray 1ight over the image ang consequently
reduce its visibility, These factors con-
stitute an engineering Problem in 1mproved
techniques of design and manufacture. Since
such improvements do not require increase
in size and welght, they do n;t tend to be

mutually exclusive as do increases in
musalrlcation, exit pupil and field size,
WHY FIELD TESTS ARE NEEDED

Since the design of binoculars and

other optical instruments requires g series

of compromises between mitually exclusive
qualities

» Only experiment C&n prove which

10

compromises give best results. Laboratory
tests serve to evaluate these properties
separately and have the advantage of being
performed under controlled conditions, so
that the effect of other factors cen be ex-
cluded. They do not, however, give much
indication of the welght to be given each
quality in the ultimate design of equipment
for general service. There 13 no assurance
that the controlled laboratory conditions
sufficiently reflect the action of all fac-
tors encountered in actual use., Field
tests, on the other hand, ir Properly devised,
give an overall picture of the performance
of optical instruments under the conditions
in which they will be employed. If suf-
ficient tests are performed, under a wide
range of conditions, the most representative
performance of an instrument may be deter-
mined and the effect of the various con-
ditions may be derived from the data by
statistical methods. When the results of
such field tests agree with laboratory rg-
sults, a check on the soundness of both is
Provided, an& when faijupe to agree is
apparent, ne§ factors which must be further
analyzed and studied are revealed.
DESIGN OF THE EXPERIMENT
In the design of the €Xperiment, it
was necessary to Provide means for measur-
ing and €oatrolling the effect of variable
conditions which might otherwise confuse ang
obscure the results obtained.
There are three main groups of causes
which affect the range at which a glven tar-

8et may be sgen with an optical i
These are;

nstrument,

(a) The quality ang design of the
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instrument used. It is the object of the
experiment to measure the effect of these
factors.

(b) What 1s being looked at and under
what conditions--that is, the size and
brightness of the target, and the effect
of varying weather, visibility and bright-
ness of background, and sea and ship
conditions.

(c) The ability of the observer, includ-
ing his eyesight, his skill, and his attention
to duty.

Variations in target and conditions
were eliminated by testing six instruments

on the same target at the same time, and
therefore under the same conditions of vis-
ibility.

Differences between observers were
minimized by using experienced observers
and giving them special training in their
work before the test started. But the main

control in this respect was to rotate the

six instruments being tested among the six

observers of a team over the six runs.

Thus each instrument was used on one run

by each member of the team. The schedule
of rotating the instruments among the
observers over the six runs was based on
the six by six Latin square, as explained
in Appendix B, and was set up using random
numbers, to avold any systemstic effects.’
Comparable three by three schedules per-

a0 g p .3 in
mitted comparison of three instruments i

three runs by three men.
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In so far &s conditions for the tests
permitted, a standardized procedure was set
up and followed. Thus, the runs were made
on set courses, and at constant speed (ex-
cept where tests for the effect of vibratioa
were made), and the night runs were confined
to moonless nights, when sky brightness is
remarkably constant. As far as was possible,
uniform targets were used throughout the

tests.

By expressing results in terms of the
standard 7x50x7° instrument, a common base~
line i1s estabiished so that comparisons can
be made between instruments tested on differ-

ent sets of runs.

CRITERIA OF SEEING
In order to establish when each observer

aighted the targets so that consistept re-
sults could be obtained, observers were
trained to report sighting each target to
each of three "criteria of seeing." These
are as follows:

(a) First glimpse (G)-- when he could
just see the target for an instant, only to
have it fade out of sight.

(b) 100% frequency (100)~-- when he
could see the target continuously in its

correct position, but only as a blur or

blob.
(c) Positive identification (PI)--

when he could positively recognize the
particular target by its peculiarities of

11
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Figure 5,

Courses and speeds for mght observations, Ideally, each run started at such dis-
tance that the target was out of sight

12
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FACILITIES AND PERSONNEL

Arxea of Test
All runs were made in Gardiner's Bay,

in the waters at the eastern end of Long
Tslend. This area provided about 90o of
land-sea horizon and an equal amount of sky-
sea horizon reasonably free from lights.
The lights of the other 180° were heither
numerous noxr bright enough to interfere.
After V-J Day, more lights appeared, but not
in sufficient strength to cause serious
interference. The general area is shown on
the chart, Fig. 6, which also shows the
location of Fort Tyler, a ruined structure
that served as a target itself, and as the
site for other st;tionary targets., Visibili-
ty in this area during the night experiments
covered a wide range, from 3,000 yards to
"unlimi ted visibility" on certain very
clear nights, The day observations were
made under less varisble conditions of vis-
ibility, the visual range being in the
neighborhood of 8 - 9 miles, due to haze

and atmospheric refraction. Sea conditions
were disappointing, a3 there were only two
deys when there was any appreciable roll or
pitch of the observing vessel.
Courses

The night courses are shown on Fig, 5.

One course approaches the fort from the
southwest (065 T); the other from the north-
east (210 7). fThe first course was later
changed from 055 T, which was first used, to
065 T because of the appearance of & distant
11ght in line with the 055 course. A com-

14

plete circult of the courses included two
approaches to the fort, one with a land and
one with a sea background, and of one
approach to each of two search targets: a
surfaced fleet-type submarine and a sub-
chaser. These craft were not always avail-
able throughout the test period. Fig. 6
shows the day course, which is essentially
an extension of course 210 T,

Runs were planned to start at such a
distarce from the fort that it could not be
seen by the most powerful glass, and to
contimue to & point as close as considera-
tions of ship-handling permitted. On some
clear nights, the ship was turned toward
the fort at too ;hort & range, and, rather
than lose the time required to turn back,
the run was continued. In tnick weather, it
was not considered safe to approach the fort
as close as on clear nights, and all targets
were not seen. Such runs, however, gave data
on lntermediate targets and also estimstes
of the maximum and minimum ranges of the
targets affected.

Night approaches to the fort were made
uniformly at a speed of 9 knots, eXcept for
vibration tests at 17 knots. The rest of
the course was run ag 12 knots to save time,
since the vibration at this speed was not
&ppreciably greater than at 9 knots. Dey
Tuns were made uniformly at 12 knots,
Targets

The ruins of Fort Tylep itself served

a8 one of the targets, and other, artificial
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targets were mounted on its walls, as shown
in Fig. 7. The largest was a radar screen
erected by the aruy for range calibration,
which consisted of wire fencing supported
by & wooden frame, and painted orange.
Viewed from course 210 T, it was 16 feet
square; from course 65 T, its apparent
width shrank to 13 feet. Other targets

consisted of cylindrical frames covered

with canvas, which presented the same appear-

ance from any aspect. These various cylin-
ders were 8 feet, 6 feet, and 4 feet in
diameter, with height equsal to dlamster, and
with the tops about 12 feet above the top of

the fort. The "flagpole" target was two feet

in diameter by 15 feet high, with & six-inch-

by-eight-foot extension on the top. Besides

the cylinders, two white elght-foot canvas-

covered squares were used; one of these faced

the approaching vcssel on each course.

Figure 7. Unretouched photo of

yards.

on the fort indicate the scale
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The targets were selected on the basis
of trial runs, and the sizes adopted were
found to become visible at.night success-
ively from a range of 6,000 yards down to
1,500 yards. Some of the targets were of
high contrast, others of low, so that the
effect of contrast on range could be studied.

For the day runs, additioaal targets
containing stripes, either vertical or
horizontal, were added. Complete details
of all the targets will be found in
Appeﬁdix B.

It proved unexpectedly difficult to
keep the targetslin operating condition.
Nearly all the targets were damaged by wind
and hed to be rebuilt at one time or another,
so that e2ll tdrgets were not available for
all the runs.

Besides Fort Tyler and the targets on

it, two vessels were used at night for

- e . - L -
bt el - - R
C N IR —
-t s e

fort and targets, using a telescopic lens at a range of 1,150

f men
ts at the end of the run. Figures o
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Figure 8,

to hold the binoculars was used. This is the 25x

search. One of these was g rleet-type
camouflaged submerine, which wag stationed
at the position shown on Fig, 5, heading
north and south, The other search target

was & Eubmarine chaser {3C) which lay hove

to at the position shown on the same chart,

Observation Vessel

The observaiion vessel was the U.S.8,
ROBERT E. PEARY, DE 132, 4 DE was chosen
because 1t wags representative of combatant
haval vessels, large enough to accommodate
the observers, smali enough for the

maneuvers required and because it carried

For observers with mounted binoculars

16

» & Director Mount My 51 with a special adaptor
100x3.6° binocuier

the radar ang other equipment necessary for
accurate range determination,

Night observations vere made from the
signal bridge and the number two gun deck,
and by day the namber one 8un deck, or lower
deck, was also used. In order to accommo-
date the six okservers on the signal bridge,
the port ang starbcard 24-1nch searchlights
and tye 20-my, mounts were removed. Six
Mark 51 director mounts were installed, four,
spaced evenly across the bridge and one on

each searchlight Platform, Adaptors were

constructed so that the various instruments
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could be held properly in the directoy
mounts. Fig. 8 shows the 25x100x3.6° binoc-
ular mounted in such an edaptor. Provision
was made on all three levels for mounting a
BuShips Mark 5 Alidade and an anti-vibration
alidade mount developed under NDRC contract,
The ship, with the mounts in place, and
posts manned, 1s shown in Fig. 9. For

observation with hand-held instruments, the

men were lined up at the forward raill of

the signal bridge at about five-foot intervals.

Positions were numbered 1 to 6, from port to
starboard. The three positions on the gun
deck were numbered 7, 8 and 9, and the three
on the lower deck (used only in the day
runs) were numbered 10, 11 end 12. Height
of eye for the signal bridge was about 32
feet, putting the observer on & level with

Flgure 9., All eyes ahead.

multaneous observations
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TEST PROCEDURE

the top of the fort.
Personnel
The personnel required for the experi-
ment was considereble. Because of the pre-
Ponderance of night observations and the
desirability of using every night suitable
for obsorvation, 1t was found advantageous
to have dupliéate crews of observers and
other operating personnel %0 work alter-
nately. Personnel consisted of the shoré
staff which had general supervision and
direction of the experlment, and the opera-
tional staff, on board the DE. The duties
of the shore staff included the scheduling
of the various runs, planning the tests to
be made and &nalyzing the results obtained
&8s a gulde to further testing. Separate
crews of gen were employed for handling and
maintenance of the targets, An opef&tion&l
crew consisted of an officer responsible
for the operation, an officer Supervisor,
a CPO Supervisor, g quartermaster to keep
necessary records and to check data, a
talker, to call out time intervals; and
the observers and recorders at the instiy-
ments,

A total of 64 enlisteq men served as ob-
servers during the experiment. Qf these, 15,
all experienced quartermssters, slgnalmen op
men of other deck ratings from the surface
fleet, received extensive training before
the start of the observations, This in-
c¢luded lookout training, Specilal training on
the use or binoculars at night, and observa-

tions on & scale model of the fort and targets

in dim light. They were fully instructed
on the three criteria of seeing used in the
experiment and in the general purpose of the
experiment. They knew that 1t was the
binoculars, and not themselves, that were
being tested. With the tormination of the
war, many of the original group were demobi-
1lized, and 1t was possible to keep only one
such trained six-man team throughout the
entire experiment. The others were replaced
with submerine men avalting discharge,
almost &ll of whom hed had lookout training,
or had served as lockout, but it was not
possible to give them as thorough training
on the experiment as the original group,
After V-J Day, many of the short-time men
had little interest in the work, and had to
be handled carefully to ensure that re-
sults would not be spolled bylinattention

Or carelessness, A group of officer-
observers were tried, but were unable to
adapt themselves to the rigid routine re-
quired, and were not utilized after four
runs. A number of scientists énd other
technical personnel fiom laboratories work-
ing on night vision or binoculars were also
used as Observers, They received an Inter-
mediate amount of training ang thelr results
show some evidence of the lack of practical
experience in handling binoculaps at night,

Almost without exception, the subjects

recelved g visual examination,
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Scheduling of Tests

Because of the requirements of the
tests for moonless nights, the necessity
of training runs, and the occurrence of
unforeseen difficulties, night operations
were limited to six nights in September,
seven in October, eight in November and two
in December. Consequently, careful sched-
uling to make thé best use of the available
nights was required. Day runs were more
easlly scheduled. Full detalls of schedul-
ing problems and opersational dates are
given 1n Appendix B.

Since the plan of the experiment re-
quired & set of six runs by six observers
or throe runs by three observers, the ob-
servers were divided into six-man and three-
man teams. Continuous observation by the
same team proved too fatiguing, sc that
two six-man and two three-man teams were
taken out each night, and made thelr obser-
vations alternately. The men of the 1dle
team served as recorders and the same
recorder was always palred with the same
observer. This alternation had the advantage
of tending to put all the runs of one set
on the same courso, either 65 T or 210 T,
However, because of i1t, 1t was not possible
to run tho complete test of a set of six
instruments on any one night, and the set
had to be completed on the next operating
night.

After the schedule for a night's runs

was drawn up, cards were prepared for each
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observer, listing the runs he would make,
the stations and instruments he would use
and other pertinent data. A master schedule
was also made up for the use of the super-
visors,

Running the Test
At ten minutes and again at five min-

utes before the beginning of a run, warn-
ings were dellvered over the loudspesker
system, which enabled the observers to

check their cards, take their stations, and
clean and focus the instruments. During

this preliminary interval, the recorders
filled out the headings on the data sheet

and the supervisor checked to see that all
observers were at their proper stationa.

The beginning of the run was announced
over the loudspesker, together with the time,
date, course and pumber of the run. At
fifteen-second intervals thereafter, the
mark number was announced, this being the
number of fifteen-second intervals since
the beginning of the run. On alternate mark
numbers the range to the tergets was measured
by redar and recorded on & range sheet.
Radar ranges were checked against a plot
of the course made by the Dead-Reckoaing
Tracer, on which the mark numbers were also
recorded. As each target came into view,
the observer reported it to his recorder,
who entered the last merk number ennounced

in the appropriate space of the data sheet,

Fig. 10.
After completion of the run, the ob~
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Flgure 10. Observer's Data.
Sheet. Figures show merk num-
bers. Shoemeker first glimpsed
the Fort eight fifteen-second

periods (two minutes) af
start of the test DO

Figure 11. Comment Sheet
cords the observer's judgn.xent

of the instrument
been using he has just
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Figure 12, Plotting Sheet, or Range Sheet, is a record of the bearings and ranges to the targets.

Mark number 8, in this case, corresponds to 6,000 yards from the fort.
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Figure 13. This Summary Data Sheet shows, for all observers and instruments in a set of six

runs, the ranges at which Target 3 (radar screen) wwas continuously seen (100% seeing). Compu-
s’

tations for this ~et are performed on the bottom of the sheet.
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server fllled in the comment sheet, Fig. 11,
giving his ratings of the instrument h. had
Jjust used. Data sheets for the run were
then collected and checked to see that none
were missing and that the headings were
complete and legible. A run-by-run log wes
kept by the quartermaster of all pertinent
data and a weather sheet was filled out for
every three runs, or whenever the weather
changed.

The actual runs averaged from 35 to

50 mimutes in length with & 15-minute
interval during which the DE maneuvered
into position for the next run.

Observers were cautionsd to make their
reports in a low tone of volce, so thet they
would not influence the reports of the
observers on either side. This rule was
enforced by the Supervlsors and evidence
indicates that such influence as mAy have
occurred was insufficient to affect the
results,

The recorder paired with each cbserver
also served as brompter, reminding the
Observer which criterion he had reported,
and on which targets, and what targets he
might be expected to report soon.

It was

found that without this Dromptling, some

observers would forget to report things they

obviously hed seen--i.e., they might omit
positive identification of an easy target
even after & smeller target had been
1dentified.
T.ta Sheets
The data sheet filled out by the recorder
is shown in Fig. 10, and the comment sheet in
Fig.11. Figure 12 shows the range sheet filled
in by the rader operator, giving the ranges
for every other mark number and showlng cor-
rections made by the DRT. One such sheet was
filled out for each run. These data were
then summarized on the data sheet shown in
Fig. 13, which covers the sighting of one tar-
get to one criterion on a set of six runs,
The instruments are 1ldentified by the capltal
letters at the head of each column. In the
column is the name of the observer and the
range Iin yards at which he reported on each
ran. On the last line is the average range
of all six observers. This data sheet 1s
made out for target No. 3, the radar screen,
for a criterion of seelng of 100%, Similar
sheets were made out fop the other two
criteria and for each of the other tergets.
It 1s thus evident that s single block of
8lx runs yielded a consldereble amount of

data on the instruments tested,

TREATMENT OF DATA AND RELIABILITY OF RESULTS

Procedures

The first step in the treatment of the
data was performed on the data sheet Fig
5 .

13. fThe ranges were averaged by instruments
>

T
NI ); by runs (next to 1ast col-

(1ine marked
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umn); and by observers (lest column). On the

lower half of the sheet, certain operations,

described in the éappendix, were Performed

which measure the Probability that the dif-

ferences emong runs, 1nstruments, and
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observers, are not the result of chance.

The next step was to express the mean
range for each instrument as & percentage
of the mean range of the 7x50x7° hend-held bin-
ocular, yielding the Relative Range Perform-
ance of the instrument for one set of runs.
fhe results for all targets and all sets in
which the instrument was used were then
gummated. The statlstical procedure followed
is treated in full in Appendix B.

In the combined results, the mean 7x50x7°
range is teken as the base. The most represen-
tative measure of the performance of any other
instrument 1s the .50 RRP, which 1s the per-
centage of the mean 7x50x7° range which will
be equalled or exceeded by that instrument 50%
of the time*. The .50RRP of the 7x50x7° binoc-
Tx5053 5 Tange. hieh FAs flve chamces in ten
of belng equalled or exceeded by the mean

performance of the instrument compared. Prac-
tically this means the same thing.

100F It |_
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9 80 90 (0o 110 (20
PERCENT OF MEAN RANGE OF

HAND HELD 7X50X7° BINOCULARS

Figure 14, Probability graph, showing the

Relative Range Performance of & hand-held
7x50x7° monocular. Solid line indicates

day, and dotted line night tests.
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uler 1s, of course, 100.0. The full relative
range performance curves for each instrument
give more Information on the instrument's per-
formence: they give the probability that the
instrument will give performances equalling
or exceeding any percentage of the mean
7x50x7°range. Such curves may show, for ex-
ample, that there is one chance in ten. that
the instrument X will give ranges thirty per-
cent greater than the standard, as compared
with one chance in ten that the instrument

Z will give ranges only ten percent greater,
even when their .50 RRP's are identical in
value. The Relative Range Performance Curves
obtained on each instrument on each set are
given in Appendix A.

Figure 1% is a typical graph. It shows
that, in a series of day observations with
the 7x50x7° monocular, 50% of the ranges
will be 98% or more of the mean ranges

obtained with the standard 7x50x70 hand-held

binocular, that 10% of the ranges will be 105%

or more of the standard, and 90% will be at
least 95%. Similarly, the dotted line for
night observations shovs the 50% value to
be 90% of the standerd, the 10% value about
97% of the standard, and that 9 out of 10
observations will yleld ranges at least 85%
of those from the standard instrument.

Thus the curves express the performance in
terms of the frequency with which ‘such
performance will be exceeded.

Fests for Reliability of Results:

A number of tests were made of the data
obtalned, designed to check 1ts general
reliebllity. They are fully described in
the appendix, and will only be briefly men-

tloned hexre.
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Analysis of Criteria of Seeing: The
ratio between the ranges at which first
glimpse, 100%, and positive identification
occurred were computed for all the tests, to
check how definite these concepts were, and
how consistent the men were in applying
them. Between "First Glimpse" and "1.00g"
the ratio was quite uniform for all the men,
and for the same man from time to time,

The ratio between "First Glimpse" and "Posji-
tive Identification" was more variable be-
tween men, although it wag very consistent
for any one man. These results indicate
that the criteria of Seeing provided a
definite ang reliable basis for reporting
and that they were well-adapted to the
purpose of the test,

Effect of Vhriability of Standard
Binoculars: Since 80 much of the data
depended on the 7x50x7° binocular, tests
were run on several samples of this instpy-
ment, which optical tests showed to be
nearly identical, to see how uniform the
results obtained would be. The results
showed that the worst single performance
fell ebout 8% below the average of the
8roup, the best about 15% above it, This
variability ipn performance (which will
appear in the performance of both the stang-
ard and the instrument being tested) inds-

cates the error which may appeﬁr in the

results of a single test of &n instrument,

For this reason, it is necessary to combine

88 many tests ag Possible to obtain a

reliable Relative Range Performance,
Interaction Between Binocular apg

Observer: The hypothesig that certain op-

servers might berform better with one ip-

24

strument while others might do better with
different instruments was tested and verifiegq.
It was found that no one type of instrument
was best for all observers; some msn Perform
better on one instrument; others on a dif-
ferent one. For some individuals, this
effect was large, and for this reason, it
is necessary, in making tests of optical
instruments, to employ a large number of
observers so that the average performance of
the instruments will not be thrown off by such
irteraction. Since this interaction occurs,
it is highiy important to determine 1ts
causes, and to develop means of selecting
the right equipment for each man, or of
selecting men who are adapted to most effi-
cient use of the equipzent available.
Effect of Position on Ship
For night observations, the ranges ob-
tained by observers on the gun deck averaged
epproximately 18% less than those taken on
the signal bridge. By day, there was no
appreciable difference. Observation from
the lower deck was Poor on some days due
to wind ang spray. A comparison of the
7esults from the 3ix stations op the brigge
showed 1ittle difference except for Station
6, which seems to yield poorer results, 4
full di scussion of this Problem 1s found in
Appendix B,
The general result of these investiga—

tions of the reliability of the data was to

Sérvers, instruments and sets o

83 was originally Planned.

f runs,
Results fropm g fow
Tuns on a few instruments might be considerably
in error because of sempling errops and inter-

action of instrument and observerp,
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The results summarized here are ex-
plained in full detail in the appendices,
together with tabular and graphical presen-
tation of the data. One conclusion stands
out -- namely, that the field tests per-
formed have proven themselves & valueble
tool to supplement, to confirm, and, in some
cases, to disprove, laboratory findings.
Such practical evaluation of the performance
of the instruments may serve to place the
whole procedure of optical design on a
sounder and more practical basis,

Comparison of Instruments:

Utility of Optical Equipment:
A number of tests using the unaided ("naked")
eye as one of the "instruments" showed that
at night the ranges obtained with the stan-
dard 7x50x7° binocular were ebout 250% those

for the naked eye. In day observations, the

binocular adventage was 1224, The night
value checks very closely with those of
other field tests on sighting naval vessels,
but are lower than might be expected from
labo;atory tests, some of which report a
7x50x7° binocular advantage as high as 6.
The most reliable comparsble laboratory data
yield an advantage of 4.1 compered with the
2.5 obtained in the field.

The Advantage of & Binocular over &
Monocular; By night the ranges obtalned with
a monocular averaged 91% of the range of &

; b
binocular of the same optical properties; DY

day, about 99%. The less the illumination,
E

the
the greater 4s the advantage gained from
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use of binocular vision. Thus, binoculars
are decidedly preferable to monoculars by
night, not only for their increased range,
but because of their greater comfort, accepta-

bility and ease of use. The quantitative

findings of this field experiment are in
close accord with both theoretical predic-
tions and with laboratory findings.

Hand-Held Binoculars: Tests were run
on & series of binoculars held in the hands
without support for body or elbows, ranging
from the 6x42x12° to the 10x50x7° in power
and to the 9x63x5.7° in size. The 10x50x7°
was the best of this group for night use,
yielding .50 RRP's of 106.7 on the signal
bridge and 117 on the gun deck* as compared
with the RRP of 94 of the 6x42x12°. Consid-
erations of size and weight sharply limit
the exit pupil end magnification which can
be combined in one instrument designed for
hand-held use. No substantial difference
appeared among any of these instruments in

the daylight series of tests; all were equiv-
alent.

Mounted Binoculars: A series of tests
was run on mounted binoculars ranging from
the 6x42x12° up to the 25x100x3.6°. These
instruments were rigidly mounted in the
director mounts or Mk. 5 alidades. The
Relative Range Performance values ranged

from 91.9 for the 6x50x7° up to 188 for the

dduced for this
ason has yet been a

;iggrzgancy in findings. Stack gases gs:e
been suggested as & possible reason,
these were never noticeable.
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20x120x3°, which excelled the 25x100x3.6°,
with its smaller exit pupil and larger field.
The mounted 7x50x7° instrument had & .50 RRP
of 115.5, which indicates the advantage
secured by mounting an instrument. The

50 RRP results obtained on these seme in-
struments by day corresponded closely with
those obtained at night.

Mounted Monoculars: A similar series
of tests was performed on monoculars ranging
from a 4x28x10° gunsight up to & 24x96x2.2°
telescope. The gunsight performance was
53, a 1little better than the naked eye at
40. TUp to six-power, the mounted monocular
performence was less than 100. The
24x96x2.2° telescope gave a .50 RRP of 126.2,
the best performance in this group. The day
tests were less extensive and showed the
low-power instruments performing relatively
better and closer to the standard 7x50x7°.
Search Results:

Successful runs on the search targets
at night were much less numerous than on the
fort, due to the occasional absence of these
vessels from thelir station, so the data are
less extensive, and could not be treated as
fully. Results are sufficiently complete to
show that ranking of the instruments is the
same for search as for the detection and
ldentification of targets ir known locations,
but that the differences between instruments
are much reduced; all tend to have about the
same performance., Data were not sufficiently
complete to permit, as yet, evaluation of the
role of field size in these results. It is
anticipated that further statistical analysis

of the data may throw some light on this

Problem.
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Summery of Effects of Design Factors: By
anslysis of the results presented, 1t be-
comes possible to evaluate the effect of
such factors as magnification, exit pupll,
and mounts on the performance of the in-
struments.

Megnification: By selecting & series
of instruments of increasing magnification,
but having nearly the same exit pupil it
was possible to develop curves for night
and day showing the relation of magnifi-
cation to the Relative Range Performance
of an instrument. These show that .50 RRP, in
general, increases directly with magnifica-
tion up to the upper limit of the instru-
ments in the test -~ 25-power., This result
is not in accordance with laboratory find-
ings, which indicate a much lower power as
the upper limit of useful magnification.

Exit Pupil: A similar curve could
1ot be developed to show the relation of
the diameter of the exit pupil to RRP for
night use. There is evidence, however, of
an improvement in performance as the exit
pupil is increased from 5 through 8 milli-
meters., Since this latter size 1s somewhat
greater than the average dlsmeter of the
pupil of the dark adapted eye, it is doubt-
ful 1f greater exit pupils would continue
to bring better performance.

In the appendix an analysis of the
results on three pairs of instruments gives
& rule of thumb method of estimating the
relative performance of instruments of
different magnifications and exit pupils.
It mey be stated that if magnification is
increased by 33% or more with a loss in

exit pupil diemeter not exceeding 33%, a
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net gain in performance may be expected.
Instrument Mounts: Tests were run on
the standard 7x5017° supported in various
ways: hand-held, without support; hand-held,
with elbows on rall or chest, or in any
other position selected by the observer;
mounted rigidly on the vessel in one of
the director mounts (Fig. 8); and mounted
in a special anti-vibration alidade mount
(VFA) (Fig 15). These tests indicated an
advantage of 115.5 for hand-held rested,
115.5 for rigld mountings, and 114.8 for

mounting in the vibration-free alidade.

It may be concluded that providing any kind
of mounting for an optical instrument yields
improved performance. Tests of this same
factor in other instruments verify these re-
sults; 10% to 15%¢ gain is made. In the day-
time this is especlally important, It is prob-
ably of great assistance to relieve the ob-
server of the weight of the instrument.

The effect of mounting the instruments
was also tested in runs where the speed was
increased from 9 to 17 knots, at which
point the vibration of the ship appeared

most noticeable. The tests were run on

Figure 15.
ted from the ship
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An experimental anti-vibration mount designed to reduce vibration transmit-
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the 7x50x7° and the 10x50x7° instruments.
The performance of low-power (7 and less)
hand-held instruments dropped off in the
presence of vibration. The mounted 7x50x7°
and the 10x50x7° hand-held binoculars were
substantially unaffected by vibration.

The mounted 10x50x7° and the anti-vibration
mounted 7x50x7° showed a possible improve-
ment. These results are directly contrary
both to theoretical expectations, and to
such laboratory data as are available,
vhich indicate that vibration should inter-
fere more seriously with the performance
of high-power than of low-power glasses.

It is suggested that, because the vibration
is more noticeable in the higher-power
glasses, and at the higher speeds, the
observer makes more, and more successful,
efforts to compensate for it. More research
1s greetly needed in these problems.

This test also emphasizes the gain in
performance of the standard hand-held
binocular when the observer rests his
elbows on the rail or otherwise braces
himself against the ship to steady the
instrument. This gain makes it bractically
the equal of the mounted binoculars.

Flxed Focus: Two of the 8x60x9°
binoculars were set at fixed focuses of -1
and —2 diopters in the Submarine Base
Optical Shop and were tested against each
other and the standard binocular. The
average results with these fixed focus
instruments shoved a slightly better
average .50 RRP with the setting fixed at
-2 dlopters. Thus, the use of this fixed-
focus would be advantageous on the average,

However, analysis of individual performance
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showed wide variations, some observers
gaining as much as 33% with -2 d as com-
pared with -1 d, others losing 123% of
the range. It would probably be desirable
to use more than one focus on fixed-focus
instruments and fit them to the observers,
It is important to note that the observerts
own focus setting offered no clue to the
fixed focus with which he might achieve
longer ranges.

Head Rests: A study of the usefulness
of head rests was made. They had almost no 4
effect on performance. Consequently no
substantial error is introduced by comparing
the larger instruments equipped with head-
rests directly with other instruments not so
equipped. Many of the men preferred the
headrests and they are acceptable if prop-
erly designed, since they will neither help
nor hinder the visual task. By adding to

the comfort of observers they may make

Observers and recorders worked together and reversed their jobs on alternate runs

them more efficient in the standing of Figure 16.

long watches.

nd Visibility:
Subjective Evaluation of Instruments: skeptical eye be kept on such evaluations, Weather a Yy ) )
g eather may affect range performance in
Correlation studies between the ratings especially by those who have not familiarized W v . N
everal ways - through changes in -
of the instruments mede by the observers on themselves with a series of instruments. £l ¥y
age and sky brightness, through roughness of
the comment sheets (see Fig. 11), and the Interaction:
ain drawn to the pre- sea, wind and visibility. Our results have
actual performance as measured by the test Attention is again o o
s ot permitted analysis upon
were mede. These studies showed that the viously cited findings that all men do not n P o e vine aopaans
; the first two of these.
experienced observers, who were familiar perform best with the same binocular; some
some with another. The to increase the variability of performance,
through long use with the various instruments, do better with one, s
his finding are many, and but not at the cost of reducing mean ranges.
could evaluate them remarkably well in terms implications of t B - .
further research is needed Visibility analysis of the results is n ye
of their actual performance. Upon analysis, it is clear that e tans date wore obtatnod
complete. rn
it proved that the evaluation of an instru- on the problem, since design and procurement P .
: lection of personnel under a wide variety of conditions, ranging
ment is based not only on its visual effi- of binoculars, or selec e e
t must be adapted to it from haze (2-3 miles visibility), suc
ciency, but also on a "comfort" or "ease of for use of equipment mus o
! {s to be obtained from operations necessarily were suspended, to
handling" factor, which contaminates the if best performance
unlimited visibility, and so are representa-

judgment. It is therefore urged that a both men and instruments.
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loy binoculars, even 1f on
tive of all conditions. Day observations experienced and made more observations than (8) oOptical instruments differ less among personnel employ ’ 1y
onally.
were made under average to poor conditions others, and some only observed under poor themselves with respect to search problems . occasl ¥
- 4, That investigations of fixed-focus
(8-9 miles visibility). Visibility analysis visibility conditions. Attempts were made than with respect to the location and identi g
must be pushed further, to determine to relate the classificetion of each man to fication of targets in known positions. instruments be conducted on large numbers
of observers.
whether certein binoculars perform better the results of & series of visual and other (9) It hes not been possible to evaluate .
in poor visibility, to permit evaluation of tests which he had been given. The only the role of field size; with this procedure, 5. That further field experimentation be
dividuals
the ranges by comparison with laboratory data suggestions derived from this analysis were field size appears to contribute little, but performed on the finding that all indi
L 3
. and to evaluate the various visibility that the "poor" group hed a slightly higher certainly this result is not a final one. do not find the same instrument best, but
onsiderably in performance.
nomographs which have been presented for incidence of phoria (tendency to be cross- SPECIFIC CONCLUSIONS mey differ ¢ o P
use by the Navy. eyed or wall-eyed) than did the "good" 1. That the 10x50x7° 1s a better all- This has implications for optical design and
. o )
Differences Between Observers: group, and & higher proportion of Radium around hand-held binocular than the 7x50x7 personnel selection as well
6. That further analysis of the data be
The 76 men who were used as observers Plaque Adaptometer scores below 10/10. binocular. .
the effect of
et one time or another in the experiment Because of the variations in visibility and 2. That the 20x120x3° binocular is the best unfertaifa, to dstemine
ity, and individual
Were classified into three groups: good, experience, which obscure the differences all-around optical instrument tested. But it field size, visibility,
fair, and poor, on the basis of their perform- between observers, a further analysis is was not possible to test & higher power differences.
search be performed to
ance. This classification was not entirely required before any definite conclusions instrument with satisfactory exit pupil, 7. That further re p
{ - ration
satisfactory, because some men were more or recommendations can be made namely, the Japanese 30x180x2.5°. develop a simple, rugged anti-~vib
| 3. That sultable mounts, or at least elbow mount.
rests be provided at all locations where .
- CONCIUSIONS AND RECOMMENDATIONS
( ACKNOWLEDGMENTS
1) Fo
‘ {1) r night use, a binocular is to be pupil increase from 7 to 8 millimeters .
re
preferred, since it will give visual ranges yields definitive gains.
at least 10% greater than a monocular of The writer wishes to take the present sonnel.

(%) 1In belancing exit pupil and magnifica- To Dr. Howard 8. Coleman whose Optical

opportunity to express acknowledgement to the (3)

the same power, exit pupil and field si
I ze.
Inspection Laboratory, Penmsylvania State

tion, it appears that if 33% or greater

For day use, this is & matter of indiffer- many individuals who have contributed to the

increase in magnification can be traded
ence
’ of the experiment herein reported.
for a drop not greater than 33% in exit success P

(1) To Captein C. W, Shilling, (MC) USK,

Commanding Officer, Medical Research Labora-

College, gave very substantial assistance in

the preparation of mach of the graphical and

(2) 1If exit pupil is h
! p eld approximately pupil diasmeter, a small net gain in range 181 hered a8
’ constent, ra similar material herein presented.
» range increases linearly with can be obtained. (%) der, Submarine Force, U.3
TPo the Commander, Submarine , U.8.

’ POVET Up to the highest powers which were tory, U. S. Naval Submarine Base, New London,

(5) The provision of
suitable mounts or
ested, for tomh mamnre, . rests Conn., whose backing and assistance in many Atlantic Fleet, the Col nding Officer, U.S.

mey be expected to extend the range of any in-

strument by at least 10%.

Naval Submarine Base, New London, Conn., &and

1688, Band-neld and mounted, night or and important matters rendered the experiment
L

day. oOnly day hend-held binoculars stand (6) Head i ] o,
| ead rests are of little, if any

out as the exception to this finding. Tt (7) Fized 0, value.
ed-

possible.

(2) To Lt. Comdr. N. H, Pulling, USNR, who, facilitating the necessary operations, and for

focus instruments may b
ﬂ e o P o i £ - o Y be of sub- in charge of the project for Section Rele the provision of personnel.
antial benefit to some individuals. How- e o v e et voveet.

1imit beyond which further magnification
contributes nothing,

ever, selection of th Bureau of Ordnance, rendered all possible
4 o e proper f )
o setting assistance in its execution with respect to PEARY, DE 132, the observation vessel. Under

is critical, and perhaps two fixed focuses

the skilled commend of Lt. Comdr. D, R.

] (3) Por a given magnification, an exit

the procurement of funds, equipment and per-
' should be used and fitted to Personnel. P '
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McKinley, Jr., the ship met all operational
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crew,
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APPENDIX A

Detailed results of the tests are shown
in this appendix.,

Table A-1 lists the instruments and the
runs in vhich each was tested. The instru-
ments are grouped into hand-held binoculars,
mounted binoculars and mounted monoculars.
Tests whose results were excluded from finel
calculation of the summary curves are indl-
cated by foot-notes. Within each group the
instruments are arranged, first, in order of
magnification and secondarily, according to
size of exit pupil.

The balance of the appendix gives data
on each instrument as follows:

(&) Three viezws of the instrument.

(b) Table of optical properties. The meas-

RESTRICTED

urements given were obtalned from an examina-
tion of the instruments at the Optical Inspec-
tion Leboratory, the Pennsylvania State Col-
lege. Where more than one instrument of the
same kind was used, average values are pre-
sented, The individual instruments, even of
different manufacturers, do not differ
greatly from these averages.
(c) A series of Relative Range Performance
curves, as obtained from each set of runs
in which the instrument was tested, and the
numerical value of the .90, .50, and .10
RRP's from each curve.

Table A~-2 lists a number of corrections
which should be made to the graphs as pre-

sented.
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FIELD TESTS OF OPTICAL INSTRUMENTS

SUMMARY OF TESTS MADE OF EACH INSTRUMENT

SB - Signal Briage
1D - Lower Deck
GD - Gun Deck
HR - Head Rest
Instrument =953 Time Sets
NAKED EYE
SB Night HA-1, HC-1, HY,
Hz-1*, H2-2
1D Day cG, ¢Q
MONOCULAR
7x50x7° HH SB Night HA-1, Hg-a, HC-1
HjC-2, , HzZ-1%,
HZ-2
LD Day cG, cQ, ¢4,
GD Day XD
HAND-HELD BINOOULARS
6xk2x120 GD Night Djpo*, D12p*, Dl2q*,
D12P*, WS‘l, WS—Q
Wh-1l, wh-2, Wi-1,
Wi-1, Wz-1, wW=z-2,

GD Day
x50x7° SB Night

GD Night

SZe DaF

0
7 l:l
o
(%)
o

[" G

R gt RS mm am .
XO.XLI- EE & Nishet

Wsi-2%3 Wgi-3,
Wsi-2r§ Wyi-3

wC, wB

BA, BB**, BD, BE,
Bix, BsA, BsF, EH,
EJ, EAl, HjA-2,HC-1
Hye-2, HY, EZ-1+,
HZ-2, MA, MB, M;D**
ME, P1A, PD, PF,
PG, VD, VE, IAF
Ab-1,
Ac-2,
Fa-1,
Fb-2

-1,

sa-1,
Ab-2,
Ad-1,
Fa-2,
Sy We-1

FP-2, We-1, Wg-2
m.—zjbm-e: Dt

sk, 25m,

03, 5§0j, D1ge,
0F, Draov, Dyore,

As-e,
Ac-1,
Ad-2,
Fb-1,
Fe=g,

[

[Nl ol ]

(g

)3

o3

’
N
Falra |~ [y

i;._ﬁi-a, ¥Wz-2,
Wi=1, Wal-23+

Y, Wsi-R,

I = g

'
i
LAt

)
W

s

— e
.

—stF e
Dot o by iy Y
. o pA

B

> Diapx, Hi, Hj,

NAVORD REPORT 77-46
TABLE A-1
HE - Hand-held
HER - Hand-held rested
MID - Mounted
VFA - Vibretion-free alidade
Loca~-
Instrument tion Time Sets
Wh-1, Wh-2, Wi-1,
Wi-1, Wz-1, Wz-2,
Wol-2%*, W j-2%*
Wsi-3, Wsj=3, AF
GD Day wC, wB
7x50x10° HH
Headrest SB Night HA-1, HjA-2, HC-1i,
Hi1C-2, HY, H2-1,*
HZ-2
GD Night Aa-1, Aa-2, Ab-1,
Ab-2, Ac-1, Ac-2,
Ad-1, Ad-2,
8x60xg°
(-1d Fixed SB Night HA-1, HjA-2, HC-1,
Focus) H30-2, Hy, HZ-1*
HZ-2
GD Night Fa-1, Fa-2, Fb-1,
Fb-2, Fe-1, Fe-c,
Ff-}, Ff-2
8x60x9°
(-2d Fixed GD Night Fa-1, Fa-2, Fb-i,
Focus) Fb-2, Fe-1, Fe-2,
Fr-1, Ff-2
o
9x63x5.7 GD Night Dsi, Dsj, Dsk, D:=M
10x50x7°¢ SB Night PRA, BB**, BD, BE,
BsA, BgF, HA-1,
HyA-2, HC-1, H;(-2,
HY, HZ-1%* HZ-2,
IAF
GD Night Hi, Hj, Hk, K1,
GD Day kb
LD Day c1A
10x70x7° 3B ¥igh -
(Johnson Foundation Bt MA-2, ;-2
Experimental Drsign)
KOUNTED BIXOCULARS
6x33x7 S8 Night EH, EJ,
GD Night Ep*, Et*
. SBs  Day oL, oH, 0;L
6xb2x? sB Night EH, EJ
G Night Ep*, Et
dxi2x12¢ .
xl2 GD Night Djz0*, Dyop*,
o D129*, Dypr*
6x50x7 8 Night EH, EI
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APPENDIX A
Instrument Loy Loca-
n ent Lion Time Sets Instrument 3., Time Sets
GD Night Ep* Et* 20x120x3° 3B Night M;D**, MjE, P44,
& i b, pIF, PG 1
2
7x50x7° SB Night BA, Bgi, BB*% BD, .
BE, BgF, BjX SBb Day PE, PF
SBa  Day Kia 25x100x3.6° SB Night P,A, PD, PyF, FG
1 1
GD Day bR SBDb Day pE, pF
LD Day b3 MOUNTED MONOCULARS
7x50x7°VFAe SB Night BA, BgA, BB**, BD, 4x%28x10° SB Night MA, MB, M;D*¥ MjE
BE, BgF, B1X
s SBb  Day  mE, mJ
GD bay bR o
6x30x8.5 SB Night MA, MB, M,D¥*, M;E
LD Day bs
6x33x7° SB Night EH, EJ
7x50x7°HHR SB Night BA, Bgh, BB**, BD, GD Night No*, Ns*
BE, BgF o
. 6x33x8 SB Night B;X, EH, EJ, MA, MB
7x50x100 GD Night Djyoj, Dion, Digpo, M1D**, M.E
Diop 1
GD Night No*, Ng*
9x63x5.7° GD Night Dsi, Dsj, Dsk,
Dgm SBb Day mE, mJ
10x50x7° SB Night BA, BgA, BB**, BD, 16x96x3.20 SB Night PD, PG
SEB' BsF, ByX, MA, 21x76x2.8° SB Night P;A,PD, PiF, PG
SBa Day Kiq SBa Day o;L
o]
10x70x7°  SB  Night ByX, MA, MB, M)D*¥ 24xg6x2.2° SB  Night PjA, PyF
(NDEC) ME ¥ Set was discarded because of insufficient
data due to poor visibility.
10x80x7° SB Night PjA, PD, P;F, PG
** Set was discarded because of incorrect
SBa Day oL, Oh scheduling or other reasons.
TABLE A-2
ERRORS ON GRAPHS
Prob- Prob As Correct
Instrument Set  abil-  geoen  Cveree Instrument Set  abil- Shown  Value
ity ity
6x42x12 HH Wz-2 90 73 80.2 7x50x10 HH HY 10 132 125.5
7x50x10 HH Aa-1 50 100 96.5 Head Rest
7x50x10 HH Hk 50 77 83.1 9x63x5.7 HH Dgj 10 121 117
7x50x10 HH D0 10 106 116 10x50x7 HH HY 90 90 97.5
7x50x10 HH Dyjgn 10 108 118 igxggxg g % gg %(23573 iB
x50x 32
7x50x10 HH Wz-1 90 85.0 80.1
7%50x10 HH HyCc-2 90 78.0 82.5 7x30x10  MTD DyoP 90 93 102.6
Head Rest - 7x50x10 MTD Dlop 50 112 116
Tx50x10 HH H,C-2 50 g2
Hoad Rest 1 7%50x10 MTD D;P 10 126 130.7
7x50x10 HH H;0-2 10 99 101.8 25x100x3.6 MTD PD 10 204 208
Head Rest 6x30x8.5 MTD MB 90 22 18
7x50x10 HH HY 90 98 91 6x30x8.5 MTD MB 50 i y7
Head Rest 6x30x8.5 MTD MB 10 68 4.5
7x50x10 HH HY 50 114 106.7
Head Rest
RESTRICTED
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APPENDIX B

Appendix B 1s & complete report on the
experiment. In Part I, full detail of gll
procedures, both operstional and statistical,
*s given, so that the techniques and methods
may be evaluated in fine and so that such
techniéues as have been developed may serve
to guide those who, at some later date, may
attempt to perform & similar experiment.

Part II conteins certain results not
immediately relevant to the primary purpose
of the experiment (which was to compare op-
tical instruments).

More important, however, Appendix B pre-

sents in detail all results included in the
report 1tself, and extends and clarifies
each of them. An attempt has been made in
preparing Appendix B to foresee questions
and objections which may arise in the crit-
ical reading of the report, and to present
the full information which mey assist the
technical reader in evaluating the experi-
ment for himself.

- For the convenience of the reader, the
order of presentation of material in Appendix

B roughly follows that of the report proper.

HISTORY OF THE EXPERIMENT AND INTRODUCTION

Since the beginning of the recent war, a
number of problems in optical design have been
continuously present. Decisions on matters
of optical design have been required regularly
in the procurement of binoculars, telescopes
and optical fire-control apparatus. In the
absence of definitive knowledge, decisions
have been made on the basis of "experience"
or (until recently) of incomplete laboratory
work, the results of which are difficult to
evaluate and apply in terms of éhe actual
conditions of service. The Bureau of Ord-
nance has frequently found it necessary -
and difficult - to adopt new optlcal designs
in the absence of quantitative field data
and to design new sights or other equipment
without definitive and concrete evidence,

theoretical or practical, a&s to the relative

RESTRICTED

weight to be assigned such variables as
magnification, exit-pupil diameter and field
size.

Although military problems have stimu-
lated & great amount of research in binocu-
lars and other optical equipment, and many
leboratories both in the United States and
abroad have investigated one or another as-
pect of the problems raised, & remarkably
small smount of experimentation has ever
occurred under field conditions. The work
of Hyde* and his associates in 1917-1918
stands almost alone, and its results are
restricted in scope.

In the late war, only one attempt to
¥ Hyde, E. P., Cobb, P. W., Johnson, H. M.
and Weniger, W. The Relative Merits of
Monocular and Binocular Fleld-Glasses.

Proceedings of the Franklin Institute,
Vol. 189 Fo. 1130-1%, February 1920.
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avaluate binoculars in the field was per-

formed.,

This werk, conducted aboard ship

for the German Reichsmarine, consisted in

erudely controlled evaluations by experi-

enced personnel of a series of binoculars

vayying in megnification and exit pupil,

and the conolusions were reached on the

basis of remarkably unscientific dsta.

The prresent fleld experiment on binocu-

lars and optiesl instruments developed out

of 8 series of discussions in the Army-

Navy OSRD Visien Committee in late 19%%4

and esrly 19%5. At these meetings, rep-

rasentstives of the Bureau of Ordnance

31y raised certain problems of

orticsl Jesign o vhich satisfactory

sub~2o

zs b3l zot deen found., A

(R

t%ee. ransisting of the following,

was fommped:

T

PR

C. W. Fxar. Afrlied Psychology Panel

Ceasrmez

Jemex. . 3. 3allsnd, Buresu of Ordnance

el F. 3. Jmsnmor, Office of the

N
Gl l I JoLnande

:ne, Laboratory of Bio-
FoFsurs, Jrlazbis University

Thacdsoe Duxhewm, Jr., Section 16.1

Lt. X, E. Buliing, Zureau of Ordnsnce

I%. BEarry Zoodrz, Burssu of Aeropsutics

Te. Madiesl

¥ « M2dicsl Research

b Al ~

ST D0 3. Mamguis, Bxsoucive Serretary

TF .

ANCIED Visiozn Qozmitsee, Serrerars

The Zollawiny gusstions weme plssed Tols

e AR RS-

M W Ay L =

by St 3D I following dinssutars

>

are best sulted fcr hand-held use in detect.-
ing and recognizing surface end aircraft

targets at night:

(a) T7x50x7 standard binoculars
(b) 7x50x10 standard binoculars
(c) Sx63x5 standard binoculars
(d) 10x50x7 standard binoculars

2. What are the relative advantages of
the above instruments, and the following, for
mounted rather than hand-held use:

(a) 6x50x7 binocular

{b) 6x33x8 monocular

(¢) 10x70x7 binocular

(d) 12x60x3.3 dbinocular (German)

(e) 20x120x3.3 binocular
3. How much advantage is gained by a
binocular over a monocular instrument at
night?

4. What diopter setting should be used
in fixed-focus instruments vhich are to be
used in the daytime and at night?

5. What advantage is gained in a
mounted binocular telescope by an exit
turil larger than 7 mn.?

6. (a) Should the eyepleces of binceu-
lars and telescopes be set at night one
diorter more negative than daytime settings?

(b) What loss in range of detection
obtsins at night vhen insorrect diopter sei-
tings are used?

7. How ecriticel is ,recise inter-

$%rillary adjustzment of binocular instrwsests

$. What are the advantages gained ty che
-8 2f head rests?

9. Wbst loss in range of detectabllity
87 night is rreduced by the use of a dimly

e

™3 :rossline?
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10. What are the contrast sensitivities
and resolving povers of the dark-adapted eye

across the field of vision?

In & series of meetings, the problems
presented were carefully considered and
formal answers based on laboratory and theo-
retical data were bresented.*

In attempting to formulate these answers,
it became clear that from the service point
of view, & certain amount of fleld experimen-
tation would be required in order to validate
and supplement the laboratory work. It was
therefore decided to undertake a large scale
field experiment which would be designed for
precisely this purpose and in which only
experienced observers from the various Ser-
vices and Research Laboratories would take
part. A sub-group was charged with the
responsibility of outlining the procedures
of such an experiment. Their plan was com-
pleted, approved by the Subcommittee, and
by the full Committee, and, eventually.
presented to CominCh for action.

The difficulties encountered in the
execution of such field experiments have
usually been considered prohibitively
great. Most derive from the essential
impossibility of adequately controlling
the many variables which influence the re-
sults.

Many of these variables are physical:
factors of visibility, wind, of sky bright-
nesa, and of ses condition, Others stem from
the physiology and psychology of the human

animal. Beck has emnumerated some 60 vari-

* Minutes and proceedings of tho twelfth
meeting 12 June 1945 of the Army-Navy NRS
Vision Committee, pp. 20-26.
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ables*, physical, physiological and psychol-
ogical, which affect such performances, and
of these, 1t is possible to control accur-
ately only a fraction. In effect, then,

to take such a problem out of the laboratory
into the field initially commits the experi-
menter to the acceptance of a variability
which may be so great that the effects under
study are comp}etely obscured by the effects
of variables impossible to control adequately

in the fileld.
The only hope of adequately controlling

this variability, so that valid results may
be secured, is to plan the experiment with
that end in view, and then to supervise and
control the execution of the plan in detail
so serious sources of error are not inad-
vertently introduced by unqualified opera-

tionsl personnel.
Not only 1s there the expectancy of poor

data, 1.e., data showing no significant dif-
ferences, but there are also the added prob-
lems ensuing from the complex arrangements

required to perform & field test.
The problem of administration can not

be met by reduction in the scale of the ex-
periment. It is not advisable to perform a
field experiment on a restricted scale: the
variability, dictated by the lack of meny
usual controls, requires that a large number
of observations be made. Further, the pur-
pose of performing a field test requires

that the test itself approximate as closely
as possible the actual conditions, operations

and performances met under‘actual field con-

ditions.

* Beck, L.H., An Experimental Investigation
of Binoculars as an Aild to Night Visition,
(PhD thesis, Department of Psychology,
Brown University, May 1945,)
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The question may arise as to vhy a field
test should be performed at all 1if, at best,
its results will be highly varisble, There
ave several compelling reasons; they stem,
paradoxically, from the very advantages
which the-laboratory enjoys.

The precise data obtained in the labor-
atory owe their excellence to the careful
control of the relevant variables, and to
the use of skilled, carefully trained ob-
servers, usually few in number and unrep-
resentative of the general populetion.

For problems of theoretical importance, and
for pure science, this is, indeed, as it
should be. But when the problem under study
is essentially practical, such as the pres-
ent one, certain difficulties arise: the
variables under control are abstracted from
the situation itself; sky brightness with
its variations owing to moon, clouds,
aurora, etc., becomes the uniform end
meticulously controlled and measured field
brightness. Variations in haze and fog -
the problem of visibility - are simulated
by variations of target contrast which are
not always easy to relate directly to the
field conditions they purport to represent.
The observations themselves are reduced to
simplest terms, and the actual menipulation
of the glasses themselves stripped so that
the smallest demend is placed on the observer
to do anything other then make a simple
visual discriminstion. To approximate non-
visual field conditions in the laboratory,
unvieldy apparatus is required which must be
carefully designed to reproduce such variables

as vibration, or roll and pitch.

When complete the laboratory data ape

TP

derinitive, and appear to answer clearly ang
unequivocally the type of questions poseqd.
Phe difficulty arises in the application of
the results to the operational situation,

In the field, relatively inexperienced
individuals are used, and they are an almost
randon sample of service population. Cer-
tain instruments may perform very well in g
1laboratory but are bulky and heavy. Aboard
ship, visibility, vibration, roll and pitch,
and the standing of, long watches, may either
reduce performence with one instrument or,
with some other instrument, may be offset
by the skills acquired by an experienced 0D
or lookout.

To apply conclusions reached in the
laboretory to the field, one may either make
the best possible guess, on the basis of
information otherwise at one's disposal, or
formulate and solve the problem mathematic-
ally, or perform & field test on items
sufficiently rerresentative of the labora-
tory date. In the absence of field valide-
tion* of a particular item, 1its probable
validity mey be estimated on the basis of
comparable laboretory findings which have
been field checked.

The first of these procedures is the
easiest, and for many problems may suffice.
The second may be & more scientific procedure
but can yield even less reliable results,
since tacit assumptions may enter. The
conclusionsreached by either method are
3till subject to experimental test. The
third alternative, the field test, alone
*—B-y—de_temination of valldity is meant
the measurement of the accuracy with
which a laboratory finding may be re-

peated in the field under conditions
for which 1t was expacted to apply.

prolm 1OTED
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produces results which are dependsble. Not
only mey laboratory findings be validated,
but also the adequacy of theoretical treat-
ment may be tested. The use of a field
test by no me&ns precludes simultaneous
logical or mathematical treatments.

It was on the basis of these con-
siderations that the experiment reported
upon in the present report was under-
taken.

With these considerations-in mind a pro-
gram desigred to meet the need for informa-
tion was set down and submitted to CominCh.*

The program was activated on August 2%,

1945, with the ordering to the U. S. Submarine
Base of the DE Mason by CominCh letter.** Two

weeks later, the U.S5.3. Peary relieved the
Mason***, and on September 4 the first trials
were run.

As the work progressed, with experience
and preliminary analysis of the data col-
lected, with new questions raised by Bulrd,

and with the exigencies of demobllization,

% Sub Base Confidential letter NB7/S71-8/
L5(MR) Serial 2722 of 30 July 1945 with
enclosure "Proposals for Field Test of
Optioal Equipment",

*%* CominCh confidential dispatch 131322 of
13 August 1945.

**% CominCh confidential dispatch 2319% of
23 August 1945.

certain modifications were nsccssarily made
in the original experimental design. These
changes were, however, not drastic, and
the program was carried through as planned
in all essentials.
The original field tests were planned
in six parts, as follows:
a, Opticel instruments for night use : shore
and floating targets.
b. Optical instruments for day use : shore
and floating targets.
¢, Optical instruments for day use: aircraft
targets.
d. Daylight sky scanning procedures.
e. TUse of color and neutral filters for
haze penetration.
f. Miscellaneous experimental problems.
0f these, parts a and b were com-
pleted., Parts ¢ and d were dropped owing,
in the former case, to difficulties in
arranging coordinated operations with air-
craft during the period of demobilization,
and in the latter, because of the termination
of the war, and with it of the suicide aerial
attack (Kamikaze) problem. Of the several
items combined under f, some were assimilated
in & and b, some were performed separately,
and some were cancelled. Part e will become

the subject of a separate report.

THE CHARACTERISTICS OF TELESCOPES
WHICH AFFECT TARGET DETECTION

In order to make clear the problems
facing those who design terrestrial tele-
scopes, both monocular and binoculer, &
brief treatment of significant factors will
be presented.

Such optical instruments are desig-
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nated in terms of three figures. The first
of these gives the magnification or number
of times the system magnifies the linear
dimensions of the target. The second is
the dlameter of the objective lens, or

entrance pupil, in millimeters, and the
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third is the angalar diameter of the field

which is seen through the instrument,
The quotient obtained when the

in

degrees.
second is divided by the first of these,
yields the exit pupil, the dismster -
millimeters of the beam of light which
leaves the binocular, and may enter the

eye when it is held in the correct position.*
The exit pupll constitutes &an index of the
brightness of the retinal image obtained,

and hence of the telescope's utility at
night. These figures give data significant
from the point of view of vision, as well &s
information on the general size of the instru-~
ment. A wide objective lens, for exemple,
when associated with high power, indicates
that the instrument designated must be large
and heavy. Similarly, larger fleld sizes
require larger prisms, and consequently a
wide and heavy instrument.

This nomenclature does not exhaust the
1list of important variables, nor does it ex-
plain the role of each, and the problem it
presents to designers,

Magnification: Magnification increases the
range at which e target mey be seen by night
or by day. By day, it permits otherwise
invisible or indistinguishable targets to oe
seen by increasing the size of the image fall~
ing on the light-sensitive retina sufficiently
so that the image becomes larger than the
limiting !'grain' of the retina (which wonld
otherviss make tergsts smaller than approxi-
mately 0.4 minutes of arc invisible). At
night, under low levels of illumination,

this grain is even coarser.

But, the night

* More precisely, exit pupil diameter is the
diameter of the image of the objective lens
formed at the eyepiece.
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advantage given by magnification stems fronm
another physiological property of the eye,
which plays a more important role by night
than by day. The retina functions in such
a way that 1t is moxe sensttive to large
411uminated areas than to small. Against
equally bright backgrounds, a large area may
be dimmer or appear in lower contrast than
a smaller area, and yet be more readily vis-
ible. The limits of area and brightness .
within which this is true are relatively
restricted under high illumination, but
under low illumination, they are wider. To
be equally visible with a large area, cover-
ing up to 20 to 30 mimutes of arc, a smell
area must be brighter by & factor equal to
the square of the ratio of the diemeters.
Thus, by imcreasing the area over which its
image falls, magnification may serve to ren-
der visible an object which would otherwise
not be seen.
Exit Pupil: Exit pupil offers an index of
the amount of light that an optical instrument
will gather and send into the eye to provide &
retinal image.*This is of very great impcrt-
ance at night, when all the light possible
must be used, sincethe more light, the small-
er and the less contrasting may be the ter-
gets which the eye can detect. The maximum
value of the brightness of the image which

an optical instrument can put on the retins
is the brightness of the target as seun by

the eye alone., No binocular can !gather’

* The brightness of the image is a function
of the square of the exit pupil diameter.
Thus the image produced by & telescopo Wi
an exit pupil four millimeters in dismeter
is sixteen times brighter than that produced
by 8 telescope with an exit pupil one
millimeter in dlasmeter.
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1ight to produce an image brighter than
that seen by the unaided eye. This is pe-
cause the pupil of the eye acts just as
does the diaphragm stop of a camera. At
night it is fully expanded. But it will
not allow to enter it a beam of light any
wider than its own diameter. Consequently,
no matter how much light a very large
objective lens may be able to gather, the
effective objective lens is always equdl* to
the product of the magnification of the in-
strumen} and the diameter of the observer's
pupil, and any increase beyond that in the
diameter of the objective lens is wasted.
When it is considered that in the case of the
unaided eye, an image of unit linear dimen-
sions is 1lluminated to a brightness made
possible by the diameter of its objective
lens, which is the pupil diameter, and that,
in the case of an M power binocular, an image
M times greater than unity in linear dimen-
sions is illuminated to a brightness made
possible by an objective lens M times the
pupil diameter, it will be seen that at best,
the brightnesses of the two images are equal,
although one image covers M2 the area of
the other. In practice, the image obtained
with the telescope will always be less bright
than that with the neked eye, since therc is
an inevitable loss of light in the optical
system (which will be discussed in a subse-
quent paragraph).

Thus, although a large exit pupil, up
to the limits of the size of the observer's
pupil when it 1s fully expanded, gives sub-

stantial benefits at night, it is unnecessary

——

* This assumes, of course,, perfect align-
ment of the binocular with the eye.
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during the dey, when the observer's pupil is
contracted and blocks from the eye most of
the light provided by the telescope’s exit
pupil,

Light Transmission: Light transmission is
the percentage of the total image-forming
light falling on the objective lens of an
instrument which is transmitted through the
instrument and is not lost by reflection or
absorption in passing through the optical
system. ILike exit pupil, it is of most im-
portance at night, when all the light pos-
sible may be utilized. It presents certain
problems, many of which have been solved by
the use of magnesium fluoride, and similar
lens coatings, which have the property of
markedly reducing losses by reflection, and
which econsequently may increase the transmis-
sion of an instrument by as much as 50%.
Contrast Rendition: Contrast Rendition is
a property ,of optical instruments which has
only recently been studied, and which has
proven of very great importance in determin-
ing the visual efficlency of a telescope.

It is "a measure of how nearly an image of
an object formed by an optical instrument
resembles the object with respect to bright-

ness contrast." It is defined as follows:

crR = %1 x 100

Co
vwhere Cy equals image contrast, and
Co equals object contrast.

contrast is one of the most important fac-
tors in the determination of the visibility
of a target, and is defined by the following

equation: . B

- B
2 b t

By

vhere By is the absolute brightness of

= AB
B

tne baeckground, and B that of the target.
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The significance of the factor contrast

Rendition and its interrelationships with
1 magnification, exit pupil, and transmission
for the use of optics at night msy be under-
stood if it is recalled that in determining
the visibility of s target at night, the
three most important factors are {1, the
so0lid retinsl angle subtended by the target,
B, the brightness of the background of the
target, and AB, the difference between the
brightness of the target and its background.
AB/B 1s, ss defined adove, the contrast of

the tsrget. When binoculars are used, {1 is,

of course, determinaed only by the site and
range of the target, snd M the megnification
of the dinoculsr. The valuss &t the retins
of B, AB, snd AB/B vary not only with
the corresponding valuss of' the target, but also
with the trsnsmission of the binoculsr, with
exit pupll, snd with the Contrast Rendition.
This 1s & varisble independent of the others,
vhose magnitude is s function of the ratio
of the brightness of the scsttered* lighs to
the bdrightness of the target. Since the visi-
bility of a target var;es considerably with
the contrast, it is evident that eny differ-
ences in the Contrsst Renditions of optieal
instmments Wil) b2 reflected in differsnces
in the ranges at vhick tergets msy bs detested
wvith them.

Contrast Renddtieon (CR). thexn, ilsts a
TEXy Important role In dstermining the vAsi-
vility of s target through ex ortlest Irstr-

menL. It Is 2% under Intsmsive study st she

x ® - - f R

Thsl I8, nin-imags-rormins .igit ous e
—-te o vy - - PR R
intermel xsflzrtizns ana similer Teatecs

\

determine the CR of optical systems are being
determined. In effect, a glass of poor (R,
in which stray light is scattered across the
image of the target and so decreases the valye
of the contrast, displays the effects of what
may very properly be called & built-in fog.
Resolving rower: Resolving.Power 1s the
ability of an instrument to measure very
smsll angles, or to distinguish very
fine lines. It is closely comparable to
the ;isual acuity of the eye. In daytime,
it 1s of course of the greatest impontance
that the system have & resolving power suf-
ficlently great so that the limiting factor
in visibility is the resolving power of the
eve, and not that of the instrument. At
night, this factor is of little significance,
since the acuity of the eye is so roor under
low levels of illumination that it cannct dis-
tinguish in rerformance between & glass of
very poor resolving power, and one of good.
Field Size: Field size owes its ipportance,
not to the prorerties of the eye itself, but
to the node of use of the instrument. Fro-
vision of a large field improves greatly, in
both sreed and efficiency, the rrocedure of
scanning by which the instrument is used in
search, and also the spotting of & target by
&n observer, to whom the location of a target
has been rerorted. An instrument of smail
field is extrexzely difficult to keep trsirned
<n a target, especlally in the rresence of
roll and piteh.

0f these properties, certein of them &re
Lot 'irecciatidble'. They do not reguire &L
charges in the size or weight of an instru-
2ext, Tut rather present engineering diffirul-

tics in the technigues of design and mamfuc-
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ture. These are Contrast Rendition, Resolving
Power*, and Transmission. Since this is the
case, it is not the business of this experi-

ment to study them.
The other three, however, Megnification,

Field Size, and Exit Pupii, are in many
respects incompatible, i1.e., it is impossible
to have an instrument with the most favorable
values of each. Thus, although a 30x240x10°
might sound like & good instrument, it is a
manifest impossibility, since the product of
magnification and field size, which is the ap-
parent field, 1s greater than the visual field
of the eye, which 1s approximately 1000. In
practice, the apparent field seldom exceeds
75°, although 1t is understood that some in-

struments have been built with apparent fields

* It should be noted that distinct losses

in resolving power are usual in the peri-

phery of the field of a wide-field instru-
ment.

as great as 90°. But even if the instrument
1s reduced to 30x240x2°, it is still huge, ex-
pensive and heavy. It is necessary to estab-
1ish which must be cut, to meke the most effi-
clent instrument: magnification or exit pupil.
What is the optimum value of megnification?
How much can be sacrificed in exit pupll to
gain this magnification? Is it advisable to
increase exit pupil beyond the average pupil
diemeter? Will gain or loss result from re-
placing & Tx50x7° by & 10x50x7°? These are
the practical questions which must be consid-
ered by those engaged in the writing of spec-
ifications and in the procurement of both
binocular and monoculer telescopes. Thelir
answers must satisfy the other requirements
of size, weight, and cost. Decisions must be
maede, too often on the basis of scanty or
ind;cisive laboratory date, or worse, on the

basis of hunch or personal preference.

BASIC EXPERIMENTAL DESIGN

In order to test specific instruments
and provide & field evaluation of the fac-
tors in design, a series of experiments was
performed in which the selected instruments
were compared with the stendsrd hand-held
7x50x7° binocular for efficiency in spot-
ting and identifying & series of targets
of varying characterlstics. Observers
placed on the bridge and gun decks of &

DE spotted and identified these targets &as
the DE mede an approach run towards them.
The range at which this became possible
with each instrument was recorded. From
these ranges the final results are derived

and conclusions drawn with respect to the
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instruments.

The primery difficulty in this experi-
ment 1s the great variability encountered
in the data because the control of the
pelevant variables cannot be directly
achieved. The design of the experiment must
therefore be such that these sources of
variability can be taken into account, and
their effect on the variables being measured
eliminated insofar as possible.

The problem is not only ome of taking
into account this variability; but also of
providing for the comparison of all the
instruments under investigation with one

another, so that their relative merits may

Ld
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be assayed.

Analysis of the variebles which enter
into the performance of an opticel instru-
ment tested in an experiment such &s this
shows thet, with two exceptions {to be noted

later), they fall into three categories:

(a) those associated with the instrument,
e.g. its power, light transmission,
exit rupil, weight, contrast rendition,

ete.

(b) those sssczisted with the conditions of
ivs use, l.e, with the approach run
(such as sky brightness, visibility,

sea condition, course, terget).

(c) those associated with the observer, e.g.
retinal adaptation, visuel acuity,

pupil diameter, skill, recorder, etc.

The first step is to reduce the differ-
ences among men, and among runs. If the men
are brought to roughly equivalent perfoxrm-
ance by means of & careful traeining progrem,
and if all are well motivated and in good
physical condition, they will be less vari-
able and consequently will give more
homogeneous data. An attempt was made to
reduce variability by control of these fac-
tors. Similarly, certain standerd condi-
tions and procedures for execution of runs
were set, so that the variation produced
by differences among the condition of use
would be reduced. Tiyo set approach courses
were maintained and deviation from them
aveided, Ogerations were restricted to
those nights when there was no moon. The

observetion vessel made &ll runs at standapd

* The stan

speeds* (except vhen speed was a variable
under investigation), and the targets wepe
maintained as constant as possible from
run to run. Standardized procedure haye
been utilized whergver possible. Such
reduction in variation is not, however,
sufficient. It is necessary to plan so
that this reduced variability, too, can

be partialled out.

On a single run, the range at which a
particular discrimination ** is made will
depend on the efficiency of the binocular,
on the identity and state of the individuel
using the binocular, and on particular cir
cumstances of the run. No information at
all is yielded on the binocular by itself.
If six men use six different binoculars on
one run, the run itself is eliminated as a
source of variability; all binoculars have
been tested under the same conditions. But
there is still no basis for the evaluation
of the binocular alone, only for the evalu-
ation of the performance of observer and
binocular together,

If one observer uses‘a different glass
on each of six runs, the observer is elim-
ineted as a source of variability but the
variability associated with the runs con-
fuses the comparison between glasses,

The Latin Square provides a statisticel
design and procedure which permits isolation
of the varfabilities attributable to

differences among binoculars, men, mns,

dard speeds employed in the exper-
iment are Specified later, They are not iden-

t L
s;ggénYith the technical naval "Standard

** Used throughout this report to mean the

sighting of a given ta
criterion of seeing. FERC o e en
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and the remaining variability inherent in
the experimental technique. Consequently,
4t disassociates the performance of a
binocular from run conditions and observer
differences. Applied to the present problem,
where & maximum of six instruments can be
employed simultaneously from a given height
of eye, the Latin Square required that the
six instruments be compared with one another
over six runs. On each run one of the

six observers must use a different instru-
ment according to & predetermined randomized
plan which ensures that no observer uses

the same instrument twice. Three instru-
ments may similarly be compared over three
runs, with three observers..

Such & Letin Square schedule of runs
is presented in Table B-1, in which the six
runs are numbered 1 through 6 and the six
instruments lettered A, B, C, D, E and F.
The manner in which the six observers,

a, b, ¢, d, e and £, rotate at random in

the six runs from instrument to instrument
is indicated. The first row and first col-
umn of observers were distributed in an
order determined by tables of random numbers;
however the observers are allocated to the
remeining cells by rotation, meeting the
requirement that an observer appear only
once in each column and each row. Different
randomized patterns were genersted for the
different comparisons of groups of six
instruments.

The Latin Square design insures that a
valid comparison on each discrimination may
be made among six instruments in six runs,
or three instruments in three runs. The

varlability attributable to runs, observers
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TABLE B-1

=
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IATIN SQUARE PLAN FOR USE OF SIX INSTRUMENTS
BY SIX OBSERVERS OVER SIX RUNS

Instruments
Runs A B c D E P
Observers
1 b e a c d £
2 d f b e a ¢
3 e a c a f b
L r b e a c d
5 a c [ f b e
6 c d b e a

On Run 1, observer b uses instrument
A, On'Run 2, he uses instrument C, and so
on.

A simllar 9-celled schedule may be
made up for the comparison of three in-

struments with one another.

and experimental error may be evaluated
separately from that attributable to the
instruments tested. Consequently, in any
set*of six runs, &s many sample performances
may be obtained as there are discriminations
which 811 six observers are able to make, so
that the data become more reliable. The
results of two or more sets of six runs,
utilizing the same instruments may be
combined, thus attaining a yet higher re-
1iability. The provision must always be
made that the basic Latin Square design be
followed - that six observers, using six
instruments, act together over six runs,

according to the prearranged schedule.

¥Set refers to a six-run comparison of six
{nstyuments, or & three-run comparison of

these.
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The Standard Instrument: Even with the

Latin Square design, one cannot place all
instruments on & compsrable basis without
one basic instrument common to all sets.
Such 8 referencs point provides a means
vhereby the relative performance of
binoculars may be evaluated in a standard
fashion. The instrument selected as a
standard was the 7x50x7° binocular, hand-
held, since it is the most familiar instru-
ment, and since more is known abouts its
performsnce both in the laboratory and in
the field than sny other. The 7x50x7° EH
tincoulsyr, then, was included in every set.
The Remsining Sources of Variability: All
tut twe scurces of varisbility within such
sn @xperdment £81) inte oxne or snother of
The first of

{ an instrument on
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source of variability which remains con-
foundsd with the binocular differences.

special analyses have been made of this

factor, and are reported elsewhere. It doeg
not constitute & major problem.

The second source of variability is
more serious. This is the interaction of
the instrument with the observer or with
the condition of the run. Interaction ex-
i1sts where the performance of one instru-
ment relative to another differs consist-
ently from one observer to another. Inter
action also exists where one binocular
excels another in good weather, but is in-
ferior in hazy or windy weather. It is
necessary to perf{orm separate experiments
if these possibilit;es are to be explored.
Such en experiment on interaction was fer-
formed, and the results are reported else-

where in this report.

TEST PROCEDURE

AL re;STIons wers osrndad out in
T o =
Sar3inex’s B&F, In ths velers of the esster

» . - N .
SOPATID, SImXlerlT Mmaa Irm fmtsrdenmena
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more end more iights apreared, and the
question was raised of the extent to which
such lights might invalidate the data ‘
obtaired at night. As a consequence, <ne
course was changed, and a conference was
irmediately held including both staff
mecbers and a group of eight of the visis-
irg observers with sclentific backgrounis
It vas the conclusion of the ceeting that
these lights could in no way invalidste

the findings, but thet 1t would be desirable
0 analyze the data with respect to visicil-

-
-

¥, S0 that if any effect of the lights

%Y

“

sturred, it could be detected.

{8 vaa =ade,

This ansly-

”

&nd is presented elsewhere in

e =T
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this report.

visibility and Sea Conditions: This area
was also considered suitable in that repre-
sentative visibility and sea conditions
might be encountered, and that weather
would permit a sufficient number of obser-
vations to be made. This expectation was
not met with respect to sea conditions; on
only one, or at the most, two operating days
was there any appreciable swell producing
roll and pitch in the observation vessel.
Visibility conditions encountered were in-
deed representative. Operations were per-
formed on several nights of unlimited
visibility, when lights at extreme ranges
were visible, and on nights when operations
were necessarily terminated, since the
principal target was barely visible at 2000
yards, and no others could be detected.
During the night operating period, on few

nights only were operations suspended
because of the weather. Visibility did not
vary so extensively during the day opera-
tions. Since these were considered of second-
ary importance to the night work, they were
put off until late November and early Decem-
ber, when no days of exceptional visibility
were encountered, and when, on several morn-
ings, considerable atmospheric refraction was
evident, thus making impossible the detection
or identification of targets at extreme
ranges.

The course: All operations centered about &
ruin, at 41° 08' N and 72° 09' W, which served
as primary target, and upon which secondary
targets were placed. Observations were made
a3 the observation vessel, a destroyer-escort

approached this object on predetermined
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courses.

Night.Courses: Figure 5 presents the oper-
ating area,with the night courses.

Three courses were followed.ror night
observations. The first of these approached
the ruin directly from approximately 7000
yards, holding a course of 210 T.* Character-
istically, while the range was closing, the

course presented the fort and targets against
a distant land background, which was not
visible to the observers until the range to
the fort had closed considerably. In any
event, the targets appeared in slightly
lower contrast on this course than on the
other. The course also had the disadvantage
that within a few degrees of the port bow
there was a flashing buoy, 600 yards north
of the fort, which distracted the observers
during the September runs, and consequently
may have interfered with the first two dis-
criminations required of the observers.
During the October, November and December
observations, measures were taken which
effectively minimized this -problem. When
the range had closed to some 1000-2000
yards, the observation vessel turned, and
approximated a course‘270 T, which headed
it toward a target vessel stationed several
thousand yards beyond the turning point,
which it approached to some 1000 yards.
This course was utilized throughout the
observations.

The second course approached the fort
from the west southwest on a course 055 T,
The fort and targets appeared against a
clear sky-sea horizon, When the range had

¥ course 210 T came close to constellation
rock buoy and is referred to as constella-
tion on data sheets.
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height. The framework wes twelve feet high,
so that the base of the cylinder stood four
feet above the top of the fort and cleared
the parapets which might otherwise obscure
part of it. The device of employing a
cylindrical terget ensured that the image
of the taerget was always & square, irrespec-
tive of the bearing from which it was
approached. Target four stood at the
western end of the fort, and appeared to
the right of the radar screen on course
210, and to its left on 065.
Target Five: was & duplicate of Target
Four, placed at the opposite end of the fort.
Target Six: was similar in construction
to Targets Four and Five, but the dlameter
and the height of the cenvas cylinder was
six feet, and the over-all height of the
framework twelve feet. It was placed be-
tween the radar screen and Target Five.
Target Seven: was an eight by eight foot
frame over which was stretched canvas painted
white. Two were used, one on each side of
+ the fort. " It rested against the weathered
concrete of the wall of the fort and was
rlaced normal to the course on the destroyer
escort approaches,

Target Eight: This target appears on the
date sheet but it was not used, since it was
inrossible to keep it intecs:.

Target Nine: was a drum target, like Tar-
Its height and

diameter were four feet, and its tall frame-

gets Four, Five and Six.

wvork, set on the south-east parapet of the

by

cri, raised it sufficlently high so that it
cleared the other targets and was not ob-

scured on either course.

Target Ten:

was & wvooden "rlagpole", two

112

feet wide and fifteen feet in height, with an
eight foot extension six inches in width.
Supplementary Targets - Day Observations;
For the day observations, additional
targets were set up. Each of these con-
sisted of acuity targets of the proportions
7x7. Four strips of wood or of canvas backeq
by wood of the proportion 7 : 1 were mounted
parallel to each other, The background
apreared between the stripes. These targets
could be turned so that the stripes were
either horizontal or vertical.
(4)

series on the data sheet.)

(Placed between 5 and 6 of the night
Over-all dimen-
sions of this target were 7! x 7'. It was
painted black, and placed on top of the fort.
(B)
on the data sheet.)

(Placed following 8 of the night series
This target was the
same as A except that all its dimensions

wvere exactly half of those of A.

(c)
all dimensions of this white-painted target

(Follows B on the data sheet.) The over-

were 7' X 7', It hung against the concrete
wall of the fort.
(D)

sions of this were half those of C above.

(Follows C on date sheet.) The dimen-

Othervise, it corresponds exactly with C.
(E)
Over-all dimensions half of that of B above.

(Follows Terget 10 of the night series.)

Otherwise the same.
(F)

are half of those of D above; otherwise

(Follows E on data sheet.) Dimensions

the same.

Accurate dimensions and other data on

the targets are given in Table B-2.

General Notes on the Targets:

Target Variations: It must be stated that
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in position.

condition.

on all the runs, all targets were not always
It proved much more difficult
- than anticipated to keep them in operating
All the artificial targets ex-

cept the redar screen and "flegpole" were

TABLE B-2

demsged at least once during the observa-
tions, and meny had to be replaced and
rebuilt several times., Since the fort was
inaccessible except by landing craft, it was

occasionally impossible to meke the full

DIMENSIONS AND CONTRAST OF TARGETS

xx

Approximato Value, contrast actually lower.

Refers to strip width.
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Area Pre{Area Pre-
Length e Courae | Oourse
or Width, | Height, Length,|Height, 210 T 065 T Con~
Target Feet Feet Yards | Yards |(Sq.Yds,)|(Sq.Yds) |trast
1. Fort (Basic) 210 T 234,25 18.3-19.1| 78.0 |6.2-6.3
. 065 T 222.00 18.3-19.1| T4.0 [6.2-6.3
Sloping Top 1.5- 2.3 0.58775
Parapets 210 T 15.2-19.1 4.6-5.0 |5.1-6.3|1.5-1.7
065 T 26.7 4.6-5.0 6.9 [1.5-1.7
Total 552.1 187.6 0.75
2. Beach around Fort NOT USED
3. Redar Screen (210 T) 16.00| 16.00 5.33] 5.33 28.39 HERE
(065 T) 13.00| 16.00 §.33] 5.33 23.10 | 0.41>
4, 8'x8!' Black Drum 8.00| T7.62 2.66|, 2.54 6.76 6.76 | 0.95
5. 8!x8! Black Drum 8.00| T.62 2.66| 2.5% 6.76 6.76 | 0.95
6. 6'x6! Black Drum 6.09| T.24 2.03| 2.1 4,89 4,89 | 0.95
7. 8'x8' white Flat 8.00| T7.62 2.66] 2.54 6.76 6.76 | 2.60
8. NOT USED
9. 4rxl! Drum 4,00| 4.00 1.33] 1.33 1.77 1.77 | 0.95
10. Flagpole Base 14,48 2.90 4.82| 0.63 30.81 e .
Flagpole Top 8.00| 0.57 2,66| 0.19
Supplementary Day Targets
A. T7'x7' Black Striped 6.86| 0.76% 2.28| o0.25 2.31 - 0.95
B. %42"xl2" Black Striped 3.50( 0.50 1.17( 0.17 0.78 - | 095
C. T7!'x7' White Striped 7.24| 1.15 2.41| 0.38 3.69 - | 2.60
D, 42"x42" white 3triped 3.50; 0.50 1.7 047 .78 - 2.60
E. 21"x21" Black Striped 1.75| 0.25 0.58{ 0.08 0.19 - 095
F. 21"x21" White Striped 1.75| 0.25 0.58] 0,08 0.19 - 2.60
See text.
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repairs in time for the next run. As a
consequence, Target Five was often not in
place, since it had to serve temporarily in
lieu of a destroyed and unrebuilt, Target
Four. Targets Six, Seven and Nine were &lso

occasionally absent. The absence of these

targets, however, was not critical, since
they were not frequently sighted.

In late November, all the drum targets
were destroyed by an extremely severe wind-
storm. Since there was not time to manufac-
ture more frames, rigged square targets
oresenting comparable areas to the observers
were substituted for the remainder of the
experiment. Targets Four and Five varied on
some nights in another respect: stiff
breezes made it impossible to hold the can-
vas in place at the top of the frame, so
that theé 8' x 8' drums began on the top
of the fort itself. This had the unfortunate
result that part of the targets were obscured
behind the protruding parapets. )

On the bsasis of experience in the pres-
ent experiment. the necessity of bullding

targets as sturdy as possible is strongly
urged; they should be able to withstend

winds of high veloeity, and must be designed

with this in mind. No matter how carefully

they ere constructed, duplicates should be
immediately availsble.

Search Targets: During the night chserva-
tions, two naval vessels alsc served &s

targets. These were a fleet-tyoe ceamcu-

position 6000 yards due south of Little Guil
Island, with & heading of 000 cr 1f0, This
vessel was & "seerth” terget, on course 06,

when it appeared egeirst & clesr sky-ze8

114

horizon. The other "search' target was g
submarine chaser (sc) which lay hove to at
a position 4500 yards bearing 160° true
from Oyster Pond Reef Light. It served as
a target vessel on course 210 T, The use
of these targets was not successful during
the September series, largely because the
submarines employed were R-type vessels,
smell aend relatively difficult to handle,
For this reason, and so that data could be

obtained comparable to those collected by

- the Camouflage Section of BuShips for cross-

checking, fleet-type submarines were
substituted for the older ships,*
The Observation Vessel: Posting of Observers

The observation vessel was the U, S, S.
ROBERT E. PEARY, DE 132, under the commend of
Donald R. McKinley, Jr., Lt. Comdr. USHR,
until 28 Hovember when he was relieved by
M. M. Gantar, Lt. Comdr. USN.

Night observations were mede from the
signel bridge and the number two gun deck and
by day the lower deck was also utilized.

See Fig. 9.

In order tp accommodate the observers
and mounts, the two 24-4inch searchiights
were removed from their platforms on the
}ort and starboard side of the signsl
bridge, and two 20 mm. mounts were removed
ferward. In accordance with BuShips arssifl-
cations the E & R Derartment, U, S, Neval
Submarine Base, New Lendon, Conn. placed,
cr. the tw searchiight piatforms, and &t
§¢siticns evernly spaced across the forwerd
ar<a of the signal bridge, six Mark 51

Director mounts. On the windscreen for-

x*
Comirch restr. ltr. FF1/571-8 Serial
7102 dsted 7 September 1945.
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Figure B-1.
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showing location of mounts and observers,
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vard of these mounts, bsses were provided
for a vibratlon-free alldade (Eastman Kodek)
and for a Buships Mk 5 Alidade. A serles

of sdapters was constructed for the director
mounts, so that the vardous instruments
employed In the experiment could be properly
mounted on them.

Provision was 8lso msde on the number
two gundeck Lfor the placement of the vibrs-
tlon-free alldsde on the port, and 8 Msrk 5
Alidade on the stsrboard side.

Figure B-1 1s & shot of the DE with the
maunts in place, shewing their disposition
and the coservation posts. Flgures 15 and
10 of the Teport are Jloss-ups of & Mk 51
Dirsctor Mourt and 8 Vitrstion-Free Alidsde,
each fitted with s bincculsr, and show the
mode of use and placeswment of these mounts.

During night odservations, running
lights were turned off, the navigstien
dridee vlackad out. the fiying dridge
datkened, and the shiy forwsrd of frame 45
darkered, with spaces whers work had to

Troceed Tigged for ved, §0 that s minimunm

14}

f Light could &istrast or interfers with

~r
&

y,
st

derk sé&srwation of the observers.

th

LERY interferenc: fIom the red-illuminstsd

)

IC, where certeirn unevsldsblie but &ix
arees of white Light remeined, was felt

L]

¢r

T the 2baereer O the sterhosrd ssarchliight
mo,rt, This Irterferencs, sush 88 1% wos,
wes ndl &¢ mush Irom the seares & Light,
£ 1t was ITom the wnevoldell: treffic

&I The slenel brides ent OIC or the
Iuing brigee.
Stetion.ng of the Mer. During ihe L.ghLt
TURE ! DDREIWETE WETE SLETIONEQ Or the 5ic-

TEL DTLEEE EDL ShTes ¥ or the mamber twe

gundeck. For the day runs, &n additiona)
three men were placed on the lower deck,
forwerd of the Number One gun.

Signel Bridge: On the signal bridge an
observer occupied each of the searchlight
platforms. The remeining four were placed,
when using hand-held binoculars, elong the
forvaerd rail, et intervals of 5% feet.
During the trials of mounted instruments,
observers were posted at the four director
mounts which were alignea &t evenly spaced
intervals across the bridge, and at the two
on the searchlight platforms. Positlons were
numbered from 1 through 6, going from rort
to starboard. The height of eye was 32!
and put the observers approximately level
with the targets on the top of the fort.
The signal dridge did not provide gcod
shelter froem wind.

Gun Deck: Three men were staticzed cn the
number two gurndeck, one well to the porg,
ore forward as resr anidshirs as the bow
would rermit, snd ore on the sterboerd siie.
These rositions ere referred zc 8s 7., £ and

S, resrestively. vas cf’

i ]

The kelght cf =7
and put the observers cr & level with the it
of the fort. Wind presernted less of a ;r:it-
lem on this level thap en the signe: brids:.
Lower Dick: The lower deck was ussd ¢y

Suring the day rurns, and the <hree ctEerisrs

statloned here cooupled positicns cormes,

¢ hise on the rumber twe pundesik, &nd

S
* RE STsOMNCTE woere staticred or the (o
GOOh Guring the S¢, tenmbe>» series

FELOFCUES

L
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but 21so sprey, since the DE headed almost
directly into the wind during the day runs.
As & consequence, the men were forced to
seek shelter, and could not meintain the
targets under continuous observation, as

was desirable.
Observers:

The original plen of the experiment
envisaged the use of a relatively large
number of civilian and militery observers
of technical qualifications, end of o
smaller number of highly treined enlisted
men. Nelther expectation was completely
fulfilled.

(A) Enlisted Men: A totel of 64 men
served as observers throughout the experi-
ment. Of these, 15 men, all experienced
quartermasters or signalmen from the Surface
Fleet, reported for duty before V-J Dey.
These men underwent an extensive training
program which included & full course of
lookout traeining (if they hed not had it
rreviously), special training on the night
lookout stage, and treining under low levels
‘of 1llumination on a scale model of the

fort eand 1lts targets, using blnoculers.

They received thorough instruction on
binoculars, on night vision, and on the
purpose of the experiment, so that they

were thoroughly familier with thelr duties.

As & finel step in training, they all
served in the later preliminery observa-
tions, so that they were thoroughly indoc-
trinated in every phase of the procedure.

Finally, ell received a seriles of tests,
which it wes hoped might correlate with
their skill as observers. These tests

included the RPA Adaptometer, the Royal
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Cenadian Nevy Adaptometer, end the Orthor-
ater. Interpuplllary distence was measured
with the NDRC interpupilometer, and the
obssrvers used this value at all times in
adjusting the bilnoculars. Record was also
made of their GCT scores, thelr age and
experience as lookouts.

With the announcement of demobilization
plans after V-J Day, 1t was possible to muster
one 6-man section (Section A) from the fif-
teen. This group served through the experi-
ment, and its performance wes cheracterized
by low varlability.

The remaining 49 observers were sub-
merine men who were due to be discharged in
a period of 2-3 months, and who were
accordingly essigned to the experiment after
1eaving the ships on which they had been
stationed. The mejority of those had had
lookout trazining, and had e£lso stood lookout
duty eboard ship. It was possible to give
these reporting in earlier in the experi-
mentel perlod specisl treining similar to
that accorded the earliest group. The later
errivels, however, had what was considered
the barest minirum éf such treining; it was
occaslonally necessary to employ & man as
observer within two or three days after he
hed reported and, consequently, his tralning
was elmost exclusively limited to wetching
the collection of date for one night, and
meking dummy runs on another. It was
posslble, however, to give almost all men
the complete battery of tests.

Motivaetlon of EBnmlisted Men: After V-J Day,

serlous difficulties of motlvetlon arose.

The men, &ll short timers, hed no particuler
interest in doing a good job, and, in many
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ceses, no interest in the problem. It was

therefore necessary to handle observers
very carefully, to ensure that the results
would not be invalidated by carelessness,
casualness, or lack of cooperation in any
form. This problem was met, and apparently
solved, by openly asking for their coopera-
tion, when the experiment and its nature
was sxplained to them; by ensuring that
their conditions of living were the\best\
possible with respect to rest, chow aboerd
ship, foul westher gosr, ete., and finally
by assisting thez in every rossible way to
achleve such rersongl ends as rapid dis-
charse:

Despite these efforts, one or two men
failed to cooperate. As soon as this was
evident, they were relieved of dutiles as
observers, and were essigned to the bridge
crew, transferred, or deteiled as compart-
ment clearers. The result of this progrem
end policy was that the experiment ran into
remarkably little difficulty owing to poor
cooperation from the observers.
0fficer-Observers: The experimental plan
included the use of a number of line officers
with sea experience as observers. One six-
men section of officers, all qualified in
submarines, and including two Commanding
0fficers and a prospective Commanding
Officer, were scheduled, On one night they
made two runs. On the next, operations
were cancelled owing to weather. No
effort was made to re-schedule them, so that
they could complete & set of six runs, since
the experience of the night during which
they did observe indicated thet unsatisfac-

tory data would be obtained from them. It

was not possible for them to readjust frop
the responsibilities of their daily work to
rather special demands placed upon observers,
who must follow & relatively simple, but
unalterable routine.

It is possible that & group of junior
line officers, with sea experience, and with
no collateral duties might have yielded sat-
isfactory data.

Technically Qualified Officer and Civilian
Observers: Both the experimental plan and
the hazards of the weather made it impossible
to utilize e large number of technically-
skilled observers, who had duties elsevhere,
In order to observe in the experiment for
two operational nights, i1t might be neces-
sary to spend as much as a week at New
London, owing to the possibility of cancelled
operations. The result wes that a total of
only 7 civilians, from various university
laboratories performing research on night
vision or binoculars, and 5 technically
trained Naval staff officers, could be in-
cluded as observers. These men offered the
fullest of cooperation, and yielded data

of considerable interest, which are reported
herein. They received an intermediate
amount of training, and test scores were
obtained on them as well. In general,
however, they showed clear evidence of the
lack of practical experience in handling
binoculars, ‘and in making observations at
night. With few exceptions, a&l the
enlisted personnel had such practical
experience.

No technical peraonnel was used during
the day observations. Observer personnel

is listed in Appendix D.
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SCHEDULING AND ORGANIZATTONAL PROCEDURES

\

General Problem: The Latin Square design
requires that six observers make together a
set of six runs using six different instru-
ments, or three a set of three runs using
three instruments. Upon this requirement
the scheduling of all operations depended.
In laying out the schedule for operations
over several days, the first consideration
is the maintenance of the integrity of the
Latin Square design. It was never possible
for a six-run set to be completed on any one
night, although this was frequently done for
three-run sets. Conseqguently, after the
first runs of a set were made, the highest
priority in operations for ensuing nights
was allocated to the completion of the sets
only partly run.
Observer Sections: Since the statistical
design of the experiment required that six
observers make & set of six runs together
on the signal bridge, and that three men
meke sets of three runs together on the
number two gun deck, the observing crew was
organized into six-men and three-man sec-
tions. In order to eliminate fatigue from
lengthy observations, the policy was estab-
lished of scheduling these sections to ob-

serve on alternating runs.

two 6-man sections ana 2 3-man sections would

be scheduled for any one night.
each section was scheduled to work with &

man from the opposite section, to form &n

observer-recorder team which remained intact

at least until both sections had completed

RESTRICTED

AS a consequence,

Each man in

their total of 12 runs, and until both 3~man
sections had completed the same number of
runs. The policy of alternating runs ensured
not only that fatigue from observation would 4
not become too great, but it also served to
ensure that, with unavoidable exceptions, a
six-run set would be composed of runs on the
same course, 065 T or 210 T, and on the same
target vessel.*

A second form of alternation was also
followed: During the night observations,
the men obtained all theilr rest during the
daylight hours. The preliminary experiments
showed that this could not be continued day
after day; the men showed signs of exhaus-~
tion. Since every available night without
a moon had to be used for observations, it
was clear that a second alternation was
necessery: four sections to go out, and four
to stay ashore on each night of observations.
For this form of alternation, i1t was found
most satisfactory for one set of sections

to go out on two successive nights, and to

stay ashore for the next two successive

nights. This procedure succeeded in provid-

ing the experiment with an alert group of
observers at all times.
Another limitation placed upon schedul-

ing also arose from fatigue. It was never

* During the day observations, when at least
40 minutes elapsed between runs, it was not
necessary to alternate, and the same observers
made all of a day's runs. The recorders on
these had no other duties. This was &
rortunate circumstance since at the time the
day runs were made there were not sufficient
experienced observers to meintain alterna-

tion.
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of that run.
The success of the whole procedure, of
the precautions taken, and of the high degree

of cooperation from the men is attested by

the fact that on only one 6x6 set, BB, and two

3x3 sets, W(s)i-2 and W(s)j-2, was there

failure of the prearranged schedule, with the

result that the data had to be discarded.

General Procedure: A day's routine in-

cluded the following activities:

(a) Preperation of the night'!'s schedule and
schedule cerds.

(b) Preparetion for the night's runs: check
of instruments to be used and their
serisl numbers; check of equipment (e.g.
clipboards, data sheets, flashlights,
etc.); instelletion of adapter mounts on
DE, preperation of muster lists, check
with target hendlers* the targets avail-
able; brief of terget vessels as neces-
sary, brief of supervisory &nd bridge
crew.

(¢) Muster of observing section, obtain
focuses for insiruments new to any ob-
server; report eboard U.3.S. Peary, de-
rert for coferaiing area.
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trerafer of personnel A3 nOCOSSAry;
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the number of the interval. At mark zero,

the DRT begen to operate, and & tracing of
the course, again with fifteen second inter-
vels marked and numbered, made &s a double
check on the radar ranges, which were
occagionally found to be in error.
Observations of the fort and its tar-

gets began with the announcement of the
beginning of the run on the fort, and were
continued intensively until the DE bad
approached the fort to the closest range,
and had turned to such an extent that the
fort was no longer visible to the observer
at the entrance port (on course 065 T) or
starboard (on course 210 T) stations. When
this occurred, "end of run on fort" was
announced, and the observers were able to
relax until the observation vessel was
headed properly for the search problem to
begin. When she was in position for search,
"beginning of run on SC" (or S/M) wes an-
nounced, radar ranges to the target vessel
were taken, and observations began in the
sector in which the target vessel was located
as announced by CIC. Method of entry of data
on search corresponded exactly to that em-
ployed on the other targets.

When all observers had heen able to
positively ldentify the target vessel, or
wvhen her position obscured her to the ex-
treme port or starboard observer, the end
of run and the time were announced and
recorded on the data sheets. The observers
then filled in the comment sheets (Fig. B-4),
on vhich they rated the instrument which
they had just used.

Date sheets were then collected and

checked in CIC to assure that none was miss-

ing, and that the headings were complete and
accurate. On every third run and at every
change of weather "weather sheets" were
filled in by & quartermaster, and sky ang
sea brightness, as measured by an 0!'Brien
Low-Level Illuminometer, was recorded.

A run-by-run log was kept, entering a))
pertinent date on each run, together with
notes of any communication with the target
vessel, the crew on the fort, or with the
base.

Each run required from 35 to S0 minutes,
depending upon the range at which the visi-
bility required that it stert. Typically,

an interval of 15 minutes intervened betwen

runs.

Notes on the Collection of Observational pmts:

Some comment and explanation must be‘
made on certain phases of collection of the
data, so that it may be more readily inter-
preted.
Prompting: Early experience with the tech-
nique, during the preliminery runs, showed
that subjects would often forget to report
on some target to some criterion of seeing,
with the result that many blank spaces ap-
peered in the data sheets, even though it
wes evident that the observer had made the
observation, but had failed to report it
Since this happened even with experienced
observers (but to & lesser extent than with
thos¢ with less training), it was considered
essential that the recorder remind the ob-
server of vhat taergets he had reported, snd
what tarpets, due to become visible within
a thousand yards or so, had not yet becu
mentioned, Considerable differences apj- wred

emong, the rccorders in the amount of aasatsts
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HISTORY OF THE EXPERIMENT

ance given; some were extremely conscientious,
and others remained almost mute, and required
prompting in turn by the supervisory staff.
Since, in a set of runs, observer and re-
corder served as & team, the effect of
differenges in prompting methods is balanced
out so that the performance of a binoculer

as measured by the observations is not inval-
idated by it. Careful note of the behavior

of observers and recorders made it clear

that observers did not report targets merely
because they were reminded of them; observers,

when prompted, at first would reply "No" and
if a target was reported immediately after
prompting, usually said something such as

"7 just got it".

Communication between Observers: With six
observers on the signal bridge, and three on
the gun deck, the question arises of the
extent to which the report of one observer
might influence that of another. Where one
observer can hear another meke a report he
might make the same report at the same time,
irrespective of whether he had seen the tar-
get or not.
between observers was not possible, other
means of reducing this hazard were sought.
Two-way sound-powered phone systems botween
observers and recorders were rigged out, but
proved to be unsatisfactory in that they were
distracting, interfered with the use of some
instruments, and constituted & hazard on

the darkened bridge. The methods of con-
trolling this factor which proved satisfac-
tory were (a) the motivation of the observers
themselves, who were typically too busy with

their own observing and reporting to pay
attention to what was going on about them,
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and (b) close supervision, which kept the
voices of both observers and recorders low
so that it was not easy to overhear the
conversation, and which maintained the re-
corder in close proximity to <he observer.
Interference between subjects, then, re-
mained & problem, but it was reduced to &

minimum.
In any event, observer interference may

be checked statistically, and information
on this is presented elsewhete in this re-
port.

Routinization of Report: The possibility
has been mentioned that, by this technique,
the observers might learn to report a given
discrimination (i.e. sighting a given tar-
get to a given criterion of seeing) on the
basis of the mark number announced over the
loudspeaker. This possibility may be dis-
counted since the same mark number was
associated with a wide variety of ranges
(owing to the different positions from which
a run might start) and, consequently, with

a wide variety of targets, and since, with
poor visibility, the ranges at which various
discriminations were made shifted propor-
tionately.

It would require very careful thought
and a few calculations to figure out the
proportional shifts to be made, if observe-
tions were to be made on the basis of the
mark number announced.

Supervision: Several supervisory personnel
were necessary at the observation posts.
Their manifold duties included not merely
verification of and correction of improper

behavior of the observers and recorders (use

of a loud voice in reporting, not paying
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attention to business, elimination of extran-
eous conversation, proper maintenance of

a binocular as hand-held, etc.), but also

check of position of binoculars, use of jern
paper, and proper £11ling-in of data sheet

headings.

THE INSTRUMENTS TESTED AND SETS PERFORMED

The original progrem called for the
testing of approximately 12 instruments.

At the termination of the September experi-
ments, however, it was evident that the
data obtained were of such quality that more
instruments could be included in the experi-
ment without limiting the value of the data
on any of them. Accordingly, additional
problems were added to the program, and new
instruments were added, either on request
of BuOrd, or on the basis of statistical
requirements.

The sets run were designated by two
letters: the first, referring to the instru-
ment compared, is capitalized for night
observations and is lower case for day;
end the second, referring to the section
of men serving &s observers, uses capitel
letters for 6-man night sections and for
day sections, and in lower case letters
for 3-man gun deck night sections. A sub-
seript numeral to the first letter indicates
that that set differs in one instrument
from others with the same letter designa-
tion. A parenthetic subscript "S" denotes
& set of runs s one mede at high speed.

The finel numersl, which appeers after some
sets, indicates that the set was repeated
one or more times, using the same section of
observers. The list of sets of runs made

by night and day appear in Table B-3 and

in full detail in Appendix C.
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Table A-1 lists the instruments,show-
ing the manner in which each was used, and
the number of sets in which it appeared.
Appendix A Aillustrates them, lists their
specifications, and names the sets in which
each was tested.

The initials HH after an instrument indi-
cates that the instrument was tested "Hand
Held" - the observer, standing, held the
instrument to his eyes, and had no elbow
rest or other suprort to z2ssist him. This
duplicates the most familiar manner in
vhich binoculers are used. (Filg. 16.)
HAR means "Hend-Held-Rested", Here,
the observer was free to seek any support
which satisfied him. He wes free to sit
on the deck'and rest the bilnoculars on the
deck-rail, to sit and rest his elbows on
the rail, to lean back and support his
elbovs on his chest. Any ectivity he chose
to reduce vibration, or to render observa-
tions less fatiguing was acceptable.*

MTD, mounted, means that the instrument
vas rigidly Tixed in either a Mark 51 director
mount, or in & Merk IV Alidade. Both of these
mounts provide for easy manijpulation of the
instrument in question, but both are mechar-
icully so constructed thay vibration of the

* Occasionally, there is some internal evi-
dence in the data that observers in less
easily supervised positions tended to meke
eny "HH" instrument "HHR". This was espec-
ially true with presonce of wind, when the
men tended to keep low, behind the rail.
This was, hovever, no problem in general.
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ship is trensmitted to the binocular.

The 7x50x7° VFA 1s & stendard 7x50x7°
jnstrument which is suspended, within & small
housing, from & series of free-balancing con-

tacts (in each dimension) such thet little

or no vibration is transmitted to the
binoculars from the ship. In this anti-
vibration alidade mount, developed by NDRC,
the binocular still retains its own critical

vibration.

TABLE B-3

SUMMARY OF SETS OF COMPARISONS

A. Night Observations

Number of Sections
& Repetitions by

Code Letter Comparison Runs in Set Each Section

H Hand-held binoculars 6 3x2; 1x1

M Low-power mounted instruments 6 hx1

P High-pover mounted instruments 6 ' hxi

B Type of mount (9 knots) 6 5x1 )One

section
B(s) Type of mount (17 knots) 6 2x1 )in com-
mon

I Interaction: Observer-Binocular 12 1x1 (double
. section)

v Variabllity of 7x50x7° 6 2x1

E Exit pupil series 6 2x1

H Hand-held binoculars 3 bx)

F Fixed Focus (-1d; -2d) 3 4x2

A Head rests 3 Lx2

W Wide-fleld binoculars (9 knots) 3 3x2

W(s) Wide-field binocularé (17 knots) 3 2x3

D(5) Field Size and Mount (5°) 3 Ux1

D(20) Field Size and Mount (10°) 3 hx)

p(12) Field Size and Mount (12°) 3 4x1

N Prism telescope 3 2x1

E Exit pupll series 3 2x1

(Table continued on next sheet)
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TABLE B-3 (CONTINUED)
B. Day Observations Number of Sections
& Repetitions by
Sy GComparison Runs in Set Each Section Ly g e i 'lg
b gyTe of mount 3 2x1 o X 3 Iy \Q g
' &
D Zigh-pover mounted instruments 3 2x1 g E“Q & u g
\ £
c ~x22xT" monocular 3 3x1 | E‘? 3
b <}
W Wiis-£ield binoculers 3 2x1 N \') N Y| o o 9 % ] :
23 2x1 B RRREENETREES :
k Io-pover binoculars 3 X 4 A S of N o Hdi fend ~ b9 =
o I RN B R e Ko LR 2
n Lov-pover mounted instruments 3 2x1 [ I& s, 3n AN v S
Y 5
[ .
[¢] Lov-rover mounted instruments 3 2x1; 1x1 l { o 3
. VY v) n | N N N &
ws QA LINNY g & s> g
Summary of Night Operetions Summary of Day Operstions Y- &S &\\ ERRE: NN .
- < 3 of ) = % E
Type of Set Total Invalid Reported Type of Set Total 3] &b@ w N\ NIE " E
<t it
12-run 1 - 1 3-run 16 N l\., o 3ls o § 3 4 S g
3 N
6-run 26 3 23 g&?\u“‘\:"‘\q’q ISh N e L
. ‘3 ~ ‘-i! r% ™ oA L] ~| oo ~ ]
3-run 48 10 38 A \ ) R 4| m| b b\ 2
J@xéwwb 5l N b bl 9 % i
Totel Runs: 177 Total Runs: 13 i BT Y %1 S < Fl
Total Sets: 62 Total Sets: 16 & & Ol ol 9 ¥ N s s 2
E g Q SN ~ % U el » ‘nb‘d 5 3
g 24 o) q| of § N NS , B, B g B
8 £ ™ ™Y N z 8
z =y ™~ k= o
STATISTICAL TREATMENT OF THE DATA i J ‘k‘} Nl e > ) o o8
W N o e ~J ﬁ E]
o o 3N of WM X9 q 3
The treatment of the data, designed to the statlistical group and their treatment & RN ‘g 5 N ;.t = A ) O B W i 3
I<BNENEERRE R RANRNEEE 3.
establlish the differences among binoculers, begun next morning. Each observational data * o B Y N (1) :)s. 2 2
w B
followed a carefully planned and standardized sheet incorporated in its heading ldentify- D} ‘@ bf"hj\é ‘\g N%\ 5§ ¢
N (= 3 £
pattern, which provided for several checks ing material. These sheets were first checked ar ol ! o A & - ;:\_' § ]
. S| @ ) I 5
i) ™ o & N T b BT
of accuracy. Early stages were performed by neme of observer, run, and instrument g% (b § g#}f ‘:'if ‘:} :.\) ‘Q '“:‘2 « 2 . é‘ E
=] 3 "] [] “
at the Submarine Base, and the later phases against the schedule to ensure thal th- B c%ﬁ o § ‘:'-‘:“ : } 3 2
2 . e J ¥
at the Department of Psychology, Yale Univer- correct randomization had been followed. 28 ;ﬁ b\g e '-’~‘i-"‘l';j %i" W R ) X 3 W 3
W N
sity, under the immediate direction and The sheets wegre then coded and arranged by N o r‘ \) - "»_-. P s < g
[
supervision of Dr. Charles E. Osgood. ﬁ o gf L) o 4 N : é\’,_\ HH Bz E E
set designation, run and instrument. o | S N A B R Q) 3 &l &) = & o
I. Preparation of the Date for Statlstical E— =] g 2l o 2 5o
Treatment The rav date which sppear on the sheet = Er . al §1 & &
REEERE 5| | £| E1 %] 2
At the end of each observation period, (Fig. B-2) consist of mark numbers indicsting = 3| e sl 5| 8l 3
~J N c o ] | &
the individusl observation data sheets and the rumber of 15-second intervals between the Bl A ol o ol ol of & & slel sl alal e
comment sheets, logs, and range sheets, and beginning of the run on the fort and the
DRT plots for each run were delivered to time at which the observer reported the
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discrimination on which the entry 1s made

(that is, reports seeing & certein target
to a given criterion of seeing: first glimpse,
1m%ormﬂuw1®mﬁmmmm.Fw
i1lustration, on the dete sheet glven
in Fig. B-2, observer Shoemaker reports 100%
seeing on target 3 (reder screen) at 51
(during the 52nd fifteen-second interval *
since the beginning of the run).

fhe second step in the preparation of
the data for statistical analysis was to
translate these mark values into correspond-
ing range values. Synchronously with every
time-mark, it will be remembered, the range
and bearing of the fort from the DE was
recorded. These values were determined by
radar. Since the approach of the DE on the
fort was remarkably constaent in speed and
since the radar ranges were usually highly
relisble, the raedar ranges were used
directly, and the DRT plot used only to
correct the occasional irregularities which
appeared in the radar record. The DRT
plots were elso used to obtain ranges to
the target vessels, on those runs where
all rader ranges were taken on the fort.

The mark-values were translated into
corrected radar renges and entered on 6x6
(or 3x3) data sheets on which the Latin
Square analysis wes performed for each
discrimination. These sheets (Fig. B-5)
were used for all subsequent statistical
computetions. Space on these computation

sheets was provided to indicate the experi-

* In the September night observations,
30-second marks were used, but they were
changed to 15-second merks for the re-
mainder of the experiment in order to
obtain more sensitive measurements.
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mental series, the target, the criterion of
seeing, date and group (code mark of set),
Bach range value entered on this sheet
represents the performance of & given sub-
ject (initielled in small cells) using a
given instrument (columns) on & given run
(rows). Spece 1s provided on these sheets
for run, observer, and instrument totals,
(Tgs To TI) and for the complete statis-
ticael analysis through the determination of
the level of significance of the obtained
F-values.

Some Besic Problems in Treatment of the Data:

Before presenting & detailed statement
of the statistical treatment which was em-
ployed, several basic considerations must
be presented and clarified.

1. The Distribution of the Data: Other
things being equal, date on the ranges at
which a glven target may be seen are logar-
thmically distributed. Essentially,
measurement is made of e& visuel angle, which
ig a trigonometric function of the range.
Since the data are ¢f this nature, then,
unless the distribution of visual angles
at threshold is itself logarithmic, all
data should be treated in terms of log range.
There is ample evidence that this 1s true;
first, tﬁe variability of the range is &
function of the range, eand second, the
differences in range obteined with varicud
instruments are also proportional to the
range.

However, further analysis has shown
that, within any set of runs, it is not
possible to determine whether statistical
treetment of ranges themselves, or of log

renges 1s to be preferred; the date are
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too few in number to permit e choice to

be mede. Indeed, in the analysis of
veriance made on each set, this is a matter
of indifference; it does not depend upon
the usual assumption of normal distribution
of the data.

Evaluations of "t" and its probability,
however, do require that one deal with normal
distributions. It may be, consequently,
asked whether 1t is justifiable to apply
normal curve statistics to deta which theo-
retically (if not practicelly) are logar-
ithmically distributed. It is believed that
this is justified because:

(1) the date within any set are so few that
it is impossible to determine whether a
larger sample of them would be normally or
logarithmically distributed.

(2) the difference in findings is slight,
and the error introduced, if eny, is con-

servative. This is demonstraved by the

findings on one set which was treated both
ways. ’

(3) the treatment of the data themselves,
without conversion, permitted a considerable
and necessary saving of time.

(¥) the essentially logerithmic nature of
the distribution and the proportionality

of differences to ranges is taken into
account by the summarizing procedures which
are based upon percentages of the standard
7x50x7° ranges obtailned with each of the
instruments.

(5) finelly, when the full distribution of
range values 1s obtained on one target,

and subjected to enalysis, it is seen that
while the statistical constants of the
logarithmic values describe the date better
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than those of linear values, the actual
difference found is smell.*

The basic treatment, then, has been
applied to linear ranges. Some of the
special treatments, however, ‘have been ap-
plied to log ranges, as & matter of con-
venience.

Reference Instrument

Since all-over weather and observer
conditions varied markedly from square to
square, it is necessary to have some basic
standard to which the absolute ranges ob-
tained with various instruments on different
sets might be related. The standard 7x50x7°
HH binocular was included in every set in
the experiment, and the range value achieved
with i1t served as the reference level with
which the performance of the other instru-
ments 1s compared. All final results on
each set are reported in terms of the ranges
obtained with any instrument expressed as a
percentage of the range obtained with the
standard instrument. The probability that
these values express the performance of the
instrument is plotted on probability paper
and the result is referred to as Relative

Range Performance Curve for that set. The

.50 intercept reflects the most probable

'performance of a given instrument in rela-

tion to the 7x50x7° binocular.
Losses of Data

It was necessary to discard certain
date. Data on three entire sets, BB,
W(s)i-2 and W(s)j-2, had to be discarded be-

cause of failure of randomizetion in planning
;f.ﬁﬁis_is, of course, in part determined

by the visibility conditions under which
the data were collected. . .

~— ye
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tion of values £for runs, instruments and
sbaervers and the finsl summations inte the
grand total (GT). These operatlons check
dircotly six;ceZTg. ZTO, and ZTI st 811
cquil the same value (GT). Secondly, all
Inatroment totals were divided bty 6 (number

of yuns) to glve the mesn rangss for

instraments, Thindly, the correction factor

i
v

the probabilities of these F values were
determined by reference to the F-tables
given in Snedecor.*

(5) Final Re-check: A finsl check of the
sbove computations was made by having iwe
oparsiors re-check the degrees of freedonm
end the divisors, and also rereat the firgz:

cemputations by formulae which essenzially

reversed the procedures already folleowsd.

This lest ster was desigrned to rick ug ary

HISTORY OF THE EXPERIMENT

tion individually.* For e given set and
diserimination (e.g., for Set MA, 3, Glimpse),
the best estimate of the variance of the mean
range for any instrument ( UQM) is derived
from the remainder, or error, variance as
determined in the Latin Square analysis,
symbolized as EV. EV is an estimate of the
experimental error after the variability

due to runs, observers and instruments hes
been removed. Substituting this value in

the usual formuls for the sigma of the dif-
ference between the two means, the following

equation is obtained:

EV , EV
n n

in which EV is the error variance for the
square and n is the number of items enter-
ing into each mean. Since ny and n, are

always equal (sither 6 or 3), the formula

oD =1’ 2 _EV
n

and the required t-value is determined

becomes:

through the usual formule

D

gb
in which D is the obtained difference be-
tween the 7x50x7° HH mean range and the
mean range for any other instrument employed
in thet set. The probability that the null
hypothesis is tenable is found by consulting
a8 t-table.

x

* Results in separate disceriminations cannot
be combined in the usual manner of summing
squares since the necessary assumption of in-
dependent samples is not met. Generally,
high correlation exists between discrimina-
tions, epproximating .80 for "adjacent
discriminations and being somewhat lower

for others.
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This method of determining the signifi-
cance of results is necessary if the refine-
ments of the analysis of variance are to be
utilized, but it gives only a limited
estimate of the relative performances of the
instruments tested. The results obtained
are not easily interpretable by others than
skilled statisticians, and even they would
have difficulty with the epproximately 1000
"t" velues obtained in this manner.

Combining end Summerizing the Results

In order to present the results in an
easily comprehensible manner,* further use
was made of the t-test. The usual null hy-
pothesis (that there is no difference) is
only one of an infinite number of hypotheses
that may be evaluated by the t-test. The hy-
pothesis that there is a 10% difference, or
that there is a 25% difference, and so forth,

may be tested. This becomes clearer if

the formula for t given above,

(o))

t =

{s trensformed into the more general and
theoretically useful form
Mp - M

oD
in which MT i1s the hypothetical mean of the

t =

populetion and MO is the obtained mean.
The question then becomes one of the probva-
bility that the given obtained mean could

have been drawn by chance from & population
having the given hypothetical mean¥

;_KE—Ehe well-conceived insistence of
1t. Comdr. N. H. Pulling of BuOrd.

*xQbviously, then, the smaller the valuc of
p, the more significant is the obtained dif-
ference. Throughout this-'report, p is given
wherever possible, so that the rcader may
evaluatc the significance of diffcrences

rcported.
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of oD the less the slope, and the greater
the mean ranges the greater the slope., In
most such plots, the slopes for Taerget 1
(G1impse and 100%) are much steeper than
the slopes of the other lines. This is &
finding common to neariy all instruments

on all sets, and is probably due to the fact
that runs often started short end that these
discriminations involve a search problem
where the smaller targets do not. For this
reason, in the summating procedures, Targets
1 G and 100% have been omitted from the
enalysis. They are, however, discussed with
the date on search, which they closely re-
semblé, in relative ranges, slope, and

instrumental findings.

.

Derivation of the Relative Performance Curves

for Each Set:

The next step in the statistical pro-
cedure was to combine the various estime-
tions of an instrument's performance from
81l discriminations in a given set into a
single most representative expression. The
usual method of combining probabilities is
inaprlicable since it assumes that the
probabilities to be combined are based on
independent estimations. The procedure
followed was to average the t-values
mathemsticelly determined by the values
of p for a given relative performsnce of
the instrument in question. Referring
again to Fig. B-6, the t-values correspond-
ing to the probability of 110% of the mean
7356370 were averaged, and likewise those
for 120% and so on. When these Average
t-values were determined, their probabili-
ties vere determined snd the final combined

Yrobability curve for the set drawn from
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these new probability velues. T-values
pather than probability values were aver-
aged becesuse avereging of probabilities
would minimize the importence of extreme
values, This method of combining by aver-
aging is a conservative one, in that it
assumes & perfect correlation among the
individuel tergets and levels. Actually,
the correlations run at .80 and below.
Thus, to the extent that there is indepen-
dent veriation among targets, the signifi-
cance of the results is underestimated,

Each of these combined curves repre-
sent & setisfactory though conservative
estimate of the performance of en instru-
ment in relation to the stendard for a
given set The combined curve is then
transferred from probability paper to a
linear grid and yields & curve epproximat-
ing a typicel sigmoid function. The Rela~-
tive Range Performance curves in Appendix A
present the performence of each instrument
on each of the sets of runs in which it
appeared, as determined by this procedure.
Final Relative Range Performance Curves:

A final summation of these data is
possible which takes into account the con-
sistency of results obtained with the same
instrument on different sets employing
different subjects and different yruns. In
this summation, the usual technigue of
combining probabilities can be used since
each set represents an independent estimate
(different subjects and runs) of the per
formance of the instrument in question.

The actuel method involves multiplication
of individual probabilities: and determina-

tion of the probability of s resultant as
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desceribed in Lindquist.*

The probability values summated in
this final anelysis were obtaihed from the
pelative range performance curves repre-
senting, for each set, the best estimate
of performance based on all discriminations.
These relative range performance curves
thus represent the best over-all estimate
of each instrument's performance based on
findings of the whole experiment. The
value of the X-intercept of these curves,
at p = .50, 1s defined as the Relatlve
Range Performance {.50RRP), and is used
throughout the tables.

In this summaetion, results from 6x6
and 3x3 night sets are separately presented,
because the number of degrees of freedom
differs widely so that the estimates of
significence varied, and also because
systematic differences in range appeared
between the result obtained at the two
observation positions. The results for
night speed runs are also treated separ-

ately, since they constitute a separate

* E, F. Lindquist, Statistical Analysis in
Educational Research. Houghton Mifflin Co.,
19%0, p. 46.

investigation. All dey deta were combined
vherever possible, regardless of observation
post, since no systematic inter-deck dif-
ferences appeared, and all were obtained

in 3x3 sets.

Curves for seven individual sets, all
on different instruments, were also dropped
from the combined sample, since they gave
etypical results, which seemed to indicate
the operation of some as yet unidentifiable
factor. One whole set, MD, was dropped
from finsl summation, since the results,
attributable to an extremely severe wind,
were also anomalous.*

The increased precision obtained by
this final summation is indicated in the
slopes of the RRP curves, which are steeper
than those of the curves for individual
sets from which they were derived. This
increase in precision is due to the com-
bining of independently obtained estimates
of significance.
¥ 1o this set, all instruments except the
7x50x7° performed very poorly. The 7x50x7°
was in a position where it could have been
used HHR, which is invalid as a standerd.

Finel evaluation of these data must wait
upon further anelysis of the results.

SUMMARY OF OPERATIONS

The schedule of the field triels was
designed to include five basic experiments,
and & series of miscellaneous trials. It

was originally planned that all experiments

requiring joint operations with the destroyer=

escort could be completed by 27 November,
and that shore trials could be run simul-

teneously.

The beginning of demobilization made
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i1t impossible to meet this schedule, since,
at times when it had been anticipated that ,
day runs could be mede, it was necessary

to recruit and train new subjects. Although
it was possible to compiete satisfactorily
the basic trials of binoculars and optical
instruments at night, day operations were
1imited in number, and it was not possible

to perform those experiments requiring joint
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operations with aircraft. The lmportance
of these trials, however, had diminished
greatly with the end of the war.

A summery of successful operations is

given in Table B-4.

TABLE B-%

SUMMARY OF SUCCESSFUL RUNS
IN EACH MONTH

A, Night Operations .

Successful
Operating Successful
Month Nights Runs
September 6 39
October 7 ]
November 8 61
December 2 18
Total 177
B, Day Operetions
Successful
Operating Successful
Month Days Runs
November 2 6
December 3 7
Total 13

Night Operations:

During the period 4 September to
9 December 1945, the moonless period was
sufficiently long to permit operations to
be scheduled on 51 nights. On 23 of the 51,
operations were carried out; operations
vere cancelled in the remaining 28 because
of weather (19), of mechanical breakdown of
necessary equipment on IE 132 (4), or for
other reasons (5).
(a) Of the 19 cancellations because of
bad veather, one was occasioned by heavy

sea and high wind, which made operations

142

impossible by wetting the lenses of the

instruments in use, and the remainder by
rain or fog. On one or two nights, opera-
tions had to be suspended earlier than
anticipated because of lowered visibility,
In general, the time lost because of unsat-
isfactory weather was less than had been
anticipated.

(b) Mechanical failure of the gyro-compass
and of the radar of the DE 132 occasioned
the loss of four nights of operation.

(c) Other losses were due to such factors
as breakdowns and "disappearance" of the 1OM,
which was required for the target crew to
perform night operations, to urgent and
reasonable request by the CO of the PEARY
for liberty for his men, and to the Army-Navy
football game, when all operations in the
area were cancellea.

Dey Operations:

Successful day operations were performed
on 5 days. Of the other possible dates
on which day operations might have been
run, 10 of them were lost because of
weather. The remaining time of the 110 deys
through which the PEARY was assigned was
spent as follows: indoctrination of PEARY-6;
installation of mounts-7; absence of PEARY
for Navy Day-8; training runs-12; no opera-
tions scheduled (holidays, weekends, engine
trouble, refuelling, etc.)-11.

The scant number of days on vwhich it
w&s possible to perform day observations
necessarily limited the amount and conse-
quently the precision of the data obtained.

The day observations were made in late

November and early December. During this

period, the weather in the operating area
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was characterized by an early morning haze
vhich limited visibility to some elght miles
during the whole morning period, and also
by & serious atmospheric refraction, which
even more severely limited the ranges at
which observations could be made. As soon
as the fort and its targets became visible
out of the haze, 1t had the appearance of

a tall rectangle with broad vertical stripes.
In any event, 1t was impossible to discrim
inete among the targets in any way, or to
separate them from the striped appearance

of the fort itself, under conditions of

such extreme distortion. As a consequence,
all the discriminations which were made at
these ranges were not only msde almost simul-
taneously but also were quite meaningless.

The general condition of observations

during the day runs must also be congidered.

RESULTS, PART 1.

The section to follow will be of lim-
ited interest to those primerily concerned
with the problems of optics. The results
reported cover four types of analysis of
the data which are necessary for the proper
evaluation of the findings on instruments
(reported in RESULTS, PART TWO). The first
of these ahalyses establishes that the
basic procedure of requiring observers to
report in terms of three criteries of
seeing leads to valid results, and is suit-
able for the purpose of the experiment.

The second establishes whether 1t 1s pos-
sible to extrapolate from the findings on
a particular instrument of a glven type
to others of the same design, and gives

data on the variability to be expected
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The days were cold, and the observation
vessel was headed almost directly into the
wind. Sustained observation through the
sixty minute runs was almost impossible
from the exposed observation posts, and
frequent interruptions occurred while the
men turned their backs to the wind, or
bent down behind the rail. This problem
was most acute on the lower deck, where
spray often came over the bow, wetting the
men and their instruments, and requiring )
time out to clean lenses.

To what extent these factors account
for the relatively poor showing of binoculars
by day is not known. However, despite
the difficulties and the limited number of

data, the results are considered to be

sound.

METHODOLOGICAL PROBLEMS

in the performance of & single type of
instrument. The third tests the importance
of observation position in determining the
performance of en instrument used in that
position, and throws some light on the
effect of the reports of one observer on

those near him. The last describes an

experiment. It establishes that one
binocular will not perform equally well for
all those who use 1t, but will be better or
worse than another, depending on the user.
This result has consequences not only for
the vaildity of the present rcsultes, vhich
are based on the performances of observers,

but also for binocular procurement, and

the selection of personnel.
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THE CRITERIA OF SEEING

The basic method employed in collecting

data is essentislly & novel one. It requires

the acquisition by the observer of certain
skills in observation and reporting. If
this acquisition is not successful, results

based upon them are necessarily vitiated.

Therefore, the first analysis to be presented

is designed to determine the efficacy of
the use of the "Criteris of Seeing",

On each run, each subject was called
upon to report when he was able to see eesch
target to each of' three criteria of seeing.
The concept of criteris of seeing is funda-
mentelly based upon the probability of
seeing curve which describes the freguency
vith vhich & visusl stimmlus is effective
vhen its intensity is neer the sensory
thresheld.

First Glimpse: "First glimpse” is defined
in terms of a low frequency of seeling.

Below the 50% threshold, bus near ic, e

ot

arget will eprear tvo come end go, end zo
stable view of it cen te obtsinsd. 1In
ield cbservation, a targec =8y te seen
=ementarily as a sizgle "blob™ and chen
fade cut, not te apreer egein for scme tire,
This is considered to Sorrespond roughly
with the lower 1imb of ths frequency of

Seelng curve, 8s it is obssired in lator-

.t

and will no longer seem to come and go,

It is not ldentifiable at this level of
visibility.

Positive Identificetion"” The report "posi-
tive identification"” is given when the
observer is able to state unequivocally
the identity of the target. It requires
that the target appear as more than & vague

blur, that it possess definite characteris-

tics of shepe, brightness, size or position.

Obviously, each observer is free to set
up his own standards on which to base
this report, but he must be consistent
in reporting "positive identification®
on the same basis from run to run.
Analysis: There can be no question that
the attempt to indoctrinate our observers
to repert the set of targets in terms of
these three "criteris of seeing" involved
certain calculated risks; failure of the
men to assimilate these criteria or to ed-
here to them consistently would yield
highly variable date, obscuring any posi-
tive findings and possibly yielding mis-
leeding results. With the risks in mind,
treining on the criteria of seéing was de-
signed to set up, for each Observer, &
stable basis, as uniform as possible from
observer to observer, for each of the three
Judgments, and to meintain them consistently
chroughout the whole series of observations.
In analysis of the date to determine

the effectiveness of the use of these

criteria, a variety of methods and statis-

RESULTS, PART I

tical treatments have been employed.

Analysis of Varience: The first analysis,

based upon the results of the observer

sections, 1is designed to yield unequivocal

answers to the following questions:

(1) Do the members of one observing section
meintain from run to run the same
standards in reporting targets to each

of the three criteria of seeing?
(2) Do members of two different sections

employ the same standards in reporting

targets, i.e. are their criteria of

seeing the same?

To answer these questions, a series of
analyses of varience have been set up which
meke use of the data employed in our basic
comparison of optical instruments. As &
means of f£illing in missing values in the
original Iatin Sgquare anelyses, meen differ-
ences in range between levels of seeing for
all targets on & given square were deter-
mined. This procedure is described on
page 134. Since the absolute magnitude
of these mean differences between levels of
seeing is dependent to a considerable extent
on weather conditions, instruments, etc.,
ratios of the mean range for one level
compared with another were employed, i.e.

M 100% / M Glimpse. Thus the range &t
which 100% seeing is reported 1s determined
as a proportion of the range at which tar-
gets are just glimpsed.

Two such ratios were determined for
each set of squares: 100/G and P1/100.
To the extent to which these ratios are
constant for the same group of observers
functioning at different times, 1t may be

assumed thet their standards of judgment
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have remained constent. To the extent that
these ratios are the seme for different
groups of observers, it may be assumed
that essentislly similar standards of
judgment were meinteined by the different
groups.

Randomized block designs for two veari-
ables were utllized in this analysis, one
varisble being the order of sets (i.e.,
1st set, 2nd set, etc.) and the other being
groups of observers {(i.e. group A, group B,
etc.) Thus two sources of variance could
be isolated, that attributeble to variation
in standerds with time (or prectice) end
thet attributeble tvo differences among
groups of observers, and the significance
of these sources of verience could be
tested egeinst the remeinder varience.

Since groups of subjects differed in
the number of sets in which they pertici-
pated, separate analyses‘had to be made
for verious equivalent groups. Table B-5

indicetes the groups used, the rumber of
of sets run (order verieble) by each group,

the degrees of freeaom entering, end the
F-values resulting from the analysis of
variance.

These anelyses of‘variance leed to sev-
eral conclusions which are based upon the
data presented in Teble B-5, A and B.

(1) The data for the 100/G ratios give no
suggestion whatever of any consistent difr-
ferences, either with practice, or among
groupe of observers. Indeed, of the 6
values of F pertinent here, five are below
1.0, indicating thet the differences were
even smaller than those most 1likely to

appear by chance 1n the absence of any
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TABLE B-5 ' : TABLE B-6 TS the lsrge vErisTisns io osen renes
ANALYSIS OF VARIANCE--CRITERIA OF SEEING ‘ MEAN FILL~IN VAIDES due oo visiniiicy 3Sfesemsss, End somse-

(Absolute, by sets; N = 56)

A. 100%/Glimpse Ratios

Degrees of Freedom F-Values Mean SD
Group No. Repetitions Orders Groups Error Orders Groups
A, D, E 3 2 2 -~ 4 0.1%0 0.280 1 o5 1.252 0.102
' ) F
2 5= 0.371 0.726
b, 1, § 4 3 . 2., —180 0.808 0.036
a,c,d, £, g h, k 2 1 6 6 0.030 3.0901
3 ,_—33 0.6%2 0.090
B. Positive Identification/100% Ratios
A, D, E 3 2 2 4 0.463 3.250
r1p = -0, sy = 0,
b, 1, 4 3 2 . 5 1.829 %.000 12 = ~0.08 23 = 0.05
e,c,d, f, 8 b,k 2 1 6 6 1.375 1.375 or
Computed Retio: G = 0.519

*In these analyses, one value had to be filled in by the method reported in Snedecor oto., as dstemined oniall targsts i sdch

("Statistical Methods", Collegiate Press, Inc., Ames, Iowa, 1938) and hence one degree set, and the intercorreletions of each with

of freedom is subtracted from the error term. values obtained by adjacent observers.

The low intercorrelations between the

consistency. of judgment ere somewhat greater than
correction factors derived from the seame
(2) The data for the PI/100 retios do give differences in the same observers through
' set of runs indicate that the values of the
some suggestion of & consistent difference time, and consequently thet data from an
‘ ratios vary from set to set in a rendom

among groups of observers. None of these individual may show high reliability. Since R

% menner, and not systematically. This indi- g
three F values reach the 5% level of these analyses relate to groups of observers N - “iow

, s -cates that the ratios hold without respect renges based on group avereges of vanricus
statistical significance, but the three rather than individuals (such estimations
taken together suggest the presence of some being more crucial to the final results TABLETRST
consistency, indicating that the observers reported), it is impossible to isolate the MEAN 7x50x7° HH ABSOLUTE RANRGES, BY SETS
may differ among themselves in the PT individual variability by this statistical
criterion. This difference also appears technique. Mean Range Ration of Mesn Range
: 3 3 SD to G, Same Target
in the reports of the observers, which will Correlation Analyses: Further analyses of Target Discriminstion N (in Bundreds oI Yards) T B ~
be reported later. But agein, es in the criterion date were mede in order to throw " 3 G 53 38.3 1ik.0 1.00
case of the 100/G ratios, there is no more light on the reliability of reports, "B 3 100 56 29.2 7.9 0.76
indication of the appearance of significant and in order to provide a basis on which c 3 PT 56 18.9 4.8 0.49
differences in these criterie with practice; these dete might be compared with others. D M G Ly 30.2 9.0 1.00
they remained stable. (1) Estevlishment of ratios of criteria of E. & 100 43 23.8 6.8 ‘ 0.79
(3) The F-values for varience emong groups seeing to one another. 86
& .8 r = 0.
are consistently higher then those for (2) Variability of ratios of criteria of Ty = 0 BC
variance emong ord . T t
ng orders, This suggests that seeing (all instruments): rap = 0.82 rge = 0.85

differences between observ oy

eT=iiiistendands Table B-6 gives the mean ratios G/100,

7
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TABLE B-8

MEAN 7x50x7° HH LOG RANGES BY RUNS
(TARGET 3 ONILY)

Signael Bridge Gun Deck
Discrimination No. Mean SD No. Mean sD
3-G 171 3.55 0.18 124 3.50 0.19
B. 3-100 171 3.4% 0.18 124 3.36 0.15
c. 3-PI 167 3.31 0.20 118 3.23 0.17
Ty = 0.88 Tpp = 0.82
rpe = 0.33 Tpo = 0.4
Difference Log Ratio Log Ratio
A-B 0.11 0.775 0,14 0.725
A-C 0.24 0.575 0.27 0.537

discriminations, when considered together
with the low intercorrelations of ratios
reported in the preceding section, indicate
the high relisbility of observetions and
the independence of the retios from the
influence of visibility conditions,

(c) Meen log ranges, by runs:

A finel enelysis investigated the
relgztionships between G, 100, and PI on
Terget 3. Table B-8 gives the results,
for the signal bridge and gun deck respec-
tively, on the log renges on individual
runs a2t which the three discriminations
were pade.

The ratios obtained, again, are close
to those obtained by other methods.

However, the correlations are of more
interest. It should be noted that the
intercorrelation of G range with 100 renge
is very high, and is of the same order of

megnitude es thet obteined when mean ranges

148

of 2ll runs of & set are intercorrelated.
The correlation between 100 and PI ranges,
on the other hand, are relatively low
(.30 - .40). These values permit certain
conclusions to be drawn. (1) Different
individuels maintain uniform criteria for
"first glimpse” and "100% frequency!, and
(2) different individuels vary in their
criterion of "positive identification”, so
that, although on the average PI ranges
are some 50-55% of G ranges, they are
relatively more variable. This is in good
agreement with previous findings on PI
ratios where individual differences were
obscured by the use of group means.

This greater variability in criteria
for PI among observers reflects real
differences in standards for reporting.
These were investigated directly by a
questionnaire. In late October, 11 men were

given & questionnaire vhich included, among

RESTRICTEL
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(B) Terget 3 (Radar Screen):

~—

Large and not as dark as other tergets. 1
when outline was definite . . . . . . . 2
Positionon fort . . . . .. .. .. .3
When internel structure (support

beams) distinguisheble . . . . .

o

(C) Terget 4:
Largest black target . . . . . . . . . Y

Position with respect to radar screen

when seen clearly . + « v « ¢ o o « o T

Clear square shepe . . . .+« « « . « « 5
(D) Target 6:

Size, smaller than % . . . . . . . . b

POSIEION « « = « « ¢ o s s+ o o o . o B

Clear square sha8pe . + .« + « « « + « « 5

The answers on Targets 4 and 6 were

typically complex and usually neamed two or
more characteristics.
(d) search Results:

No extensive anelysis has been per-
formed on the proportionalities existing
among G, 100, and PI ranges for the search
targets, which are presented in Table B-9.
The results on the two targets, it should
be noted, are very similar to one another,
which indicates that the judgments involved

on the other hand, the values

are stable,
of the ratios are considersbly greater than

those for the other targets, & phenomenon

]
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others, questions asking each mar to state the TARTE -5
pasis on which he "positively identiried” FITI-IN ORATION, STARCE DaTa
pargets 1, 3, k and 6. The resules, giving ISTERNTY ¥ MIAN VAITES OF ATD SIGETINS
the number of men who used each standarg,
were as follows: 3 ¢ I3 2T 3
i (a) Terget 1 (Fort): .
sut PSS < &Ta S.T3R
when vertical edges could be made out . 5 .m
ST .o .27 ST
wWhen parapets were distinguishsdble . . 3
Pill-in
When beach could be seen at edges . . . 3 .
velves 2,38 CL.aTR faateded

Discussicn: It is clesr froo the resulcs
given sbove thst the observers were sble

to st uvr &nd to maintaln consistent
arizeris of seeing, that these hsve & fixed
cropertiorslity to each other, and vere
rroportiorately affected by visibility
change, snd that two of them, G snd 109,

TABLS B-10

RELATIVE RANGES FOR VARICUS
PROBABILITIES OF SEEBING,
DETERMINED IN THE LABORATORY, AND FOR
TEE CRITERIA OF SEEING USED IN THS
PRESENT EXPERIMENT

Source Relative Relative Relative
of Range Range Range
Data 1% Correct 50% Correct 99% Correct
Brown Uni-
versity 1.00 0.725 0.525
Dartmouth
University 1.00 0.437 0.282
"Glimpse“ "100%" IIP.I.II
New London 1.00 0.800 0.500
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were remarkebly uniform from observer to
observer, but that individuels differed in
the criterie of positive identification em-
ployed.

The proportionalities of ranges for
the three criteria seem established at
approximately 100, .80 and .50 for G, 100
and PI, respectively.
compare these relative values with compar-
able values obtained at Brown and Dartmouth

(Table B-10)

Certein assumptions enter into the
basic comparison of each instrument with
a standerd. The first, and most important,
is that each test instrument is fully
representative of its type, and that the
individual peculiarities of an instrument
do not invalidate the results obtained by
compering 1t with the 7x50x7° binocular. If
this essumption cannot be made, obviously
the number of sets must be greatly increased
¢0 that, for example, several different
20x120x3° binoculars may be compared with
& similar sample of 7x50x7° binoculars.

The Semrling Problem:
the test instrument is representative must
be tested; it is necessary to demonstrate
that differences in the RRP curve from set
to set are not related‘to the individual
instruments, but only to the particular
sample of performance obtained in 6 runs.

In order to esteblish ‘the magnitude of
variability to be expected in a sample, the
.50 RRP's of each instrument obteined in

each of the sets in which it appeared

-
E
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The orders of megnitude would suggest i —" -
that Glimpse corresponds to something over I
1% frequency of seeing, end 100% frequency : 100
E
to gomething less than 99%. In any event, ,
the varietions in range over which the 90 =
reports spread are of the same order of :
magnitude as those found at Brown, and less . 80 A
It 1s interesting to than at Dartmouth, which suggests that Eg
these dete are basically similar to care- E?O MEAN CURVE
fully obtained lsboratory results. é —— — FOR ALL
1 O INSTRUMENTS
T -
L 60
w
o
VARIABILITY OF THE STANDARD INSTRUMENT w 50
o
must be examined. But it is also necessary ]_>: 40+
to perform & separate experiment on the ;é
m
problem. For that reason, two night sets, <
w 301
VD and VE, were run, in which all six ob- gg
servers employed 7x50x7° standard hand-held o o0k
binoculars. If differences in the perform-
ance of each individuel instrument appear,
1
and if these can be correlated with optical 0
properties peculiar to them, the date which 0 : q 1 {
: have been presented must be considered as 60 80 {o]0] 120 140
suspect whenever only one or two individual °
PERCENT OF MEAN RANGE OF HAND HELD 7X50X7 ° BINOGULARS
instruments of a given type could be em- '
Ployed. ATIVE RANGE PERFORMANGE
THE REL I
This essumption thet Results: OF &6 HAND—HELD 7X5OX7 BINOCULARS
(A) Analysis of Variesnce: On both VD &nd ‘
F TARGETS AT NIGHT
VE, data were sufficiently complete to per— BASED ON THE VISIBILITY 0] THE S]GNAL
mit & full Iatin Square enalysis of variance WHEN VIEWED BY SRR POSTED VhL 9 KNOT
ysis of var
BRIDGE OF A DESTROYER ESCORT TRAVELING AT OTs
on 10 discriminations. Table B-1l gives the
number of significant F values obtained from IOTFE .
thy
e three sources of verience. In no case THESE CURVES SHOW THE RESULTS OF SET VD
do the instruments appear as a significant
source of variance, although significent
differences appear among runs and observers.
> Figure B-T.
(B) € © anelysis of Discrimination of
» 151
150 RESTRICIED RESTRICTED
+
L
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RESULTS, PART I

TABLE B-11

SUMMARY OF THE NUMBER OF SIGNIFICANT
F VALUES OBTAINED ON SIX 7x50x7°
HAND-HELD BINOCULARS

A. Set VD
Significant Significant
Source of Not at at
Variance Significant 5% Level 1% Level
Runs 8 2 0
Instru-
ment 10 0 0
Observer 10 0 0
B. Set VE
Significant Significant
Source of Not at et
Variance Significant 5% Level 1% Level
Runs 8 0 2
Instru-
ment 10 0 (o]
Observer 3 7 0

Target 3-100: As a further check, the
date on discriminetion 3-100 were subjected
to analysis using the € 2 technique.*

Not only absolute rangss, but also log
ranges were fully treated. The results
appear in Table B-12, Only the observers
yield significant values of € 2, indicating
again that no significant differences occur
among the instruments.

(c) cCombined RRP Curves: In view of the
absence of statistically significant differ-

ences among the instruments when tested by

* The use of € 2, the correlation retio
without bias, in demonstrating the signifi-
cance of differences among classes and in
testing the mull hypothesis, is presented
in full in Statistical Procedures and Their
Mathematical Bases, Peters, C. 5. and
Van Voorhees, W. R. McGraw-Hill, New
York, 1940, pp. 45 + xiii.
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either of the previous techniques, it is

of interest to examine the combined RRP
curves, since these will reveal not only
the variability in sampling, but also the
magnitude of differences which may be caused
by chance alone. Figure B-7 presents the
RRP curves for the six instruments from

set VD, plotted with the mean curve of

the six at 1004. Figure B-8 presents the
RRP curves for set VE. Figure B-9 presents
the RRP curve of each instrument, combining
the results of both sets. The great varia-

bility of the results for the six 7x50x7°

TABLE B-12

€2 ANALYSIS OF DIFFERENCES AMONG INSTRU-
MENTS, RUNS, AND OBSERVERS, ON TARGET 3
100% FREQUENCY OF SEEING

A, Set VD
ABSOLUTE LOG RANGE

RANGE

(YARDS) (LOG YARDS)
Mean 3558 3.54
Standard Deviation 856 0.11
€2, Runs -0.072 -0.078
€2, Instruments 0.017 -0,043
62, Observers 0.074 -0.055
B. Set VE
Mean 3811 3.57
standard Deviation 818 . 0.09
€2, Runs 0.003 0.033
€2, Instruments -0.132 -0.1%2
€2, observers 0.290 0.360%

* This fléure was the onlye2 that was sig-
nificant. It is attributable to one poor

observer, &nd is significant at the 1% level.
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THE RELATIVE RANGE PERFORMANCE
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NOTE:
THESE CURVES SHOW THE COMBINED RESULTS OF SETS VD & VE

Figure B-9,
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binoculars in set VD 1s apparent,* as
are the remarkably slight differences found
in VE. No differences between the sets
to which this may be attributed have been
observed. The wide dispersions of the six
instruments in VD (Fig. B-7) is greatly re-
duced when the curve on each binocular for
VD is summated with that on the same
binocular in set VE (Fig. B-9). This
indicates the importance and effectiveness
of combining the results for each binocular
over the several sets in which it was used.
The apparent differences which appear
in Figs. B-7, B-8 and B~9 do not correlate
with the optical properties of the instru-
nents as measured at the Optical Inspection
Leboratory of Pennsylvenla State College
shown in Table B-13. The variation of
performance, then, among the six instru-
ments 1s presumably due to the small size
of the sample; there is no relationship to
* Note that it 1s assoclated with less

steep slopes, indicating & large error
term in the findings.

the optical constants of the instrument.
A Second Approach to the Variability of
Semples:

The treatment just presented clarifies
the sampling problem with respect to the
RRP obtained on an instrument in any one
set. There 1s adother way in which results
on sets mey differ from one another, besides
lateral displacement of RRP curves, and
that is in the magnitude of the experimental
error within the set, as measured by the
remainder varience. This 18 reflected in
the Standard Error of the Difference ob-
tained in the set, which in part determines
the slope of the RRP curves of each instru-
ment tested in the set. The steeper the
slope, the less is the error of measure-
ment, and the more reliable are the dif-
ferences found. Since the standard instru-

ment is included in a1l sets, and reflects

TABLE B-13

THE .50 RRP'S OF SIX 7x50x7° BINOCUIARS
AS RELATED TO OPTICAL INSPECTION TEST SCORE

KDC Score,
% Contrasbt .égxelggge
Renditlons of Fleld
Serial No. ofxofssﬁégg Set VD Set VE VD?e\?'E Comb. g%ﬁgl gee.gf'el Ba?-g:;ls,%
408395 A 1 115.0 101.8 108.0 92 92 70
259904 B 2 91.5 97.0 94.0 93 91 80
408382 ¢ 3 101.0 103.3 102.5 89 92 79
408385 D i 107.0 99.0 98.0 9 91 69
| 408389 E 5 85.5 104.0 93.0 91 9 60
259902 F 6 97.5 94.0 95.5 93 93 78
RESTRICTED
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RESULTS, PART I
B most directly the error of m
easurement, it our final curves. There can be no doubt
- . mey b: used to give comparative data on this that steps should
. shou be taken to
= N N“ « variability. Figs. B-10, B-11, and B-12 present etermine
it Here, as before, the results and the
~ \ \ the mean, the steepest, the shallowest, and )
90 % _ _ _ s interpretation of them, have been seriously
\\ \ the first &nd third quartile RRP curves ob- handi
\ \ ndicapped by the lack of time and per-
tained with the 7x50x7° binocular during the
N \ : sonnel to carry the treatment of the data
\\\ \ night observations (signal bridge), night far enough
. 5
W M observations (gun deck), and da =
2 ol \ — EAN CURVE ): ¥ Observa. The reader 1s advised to take into con-
g \\ Q|, Q3 CURVES tions (all decks) wrespectively. It is appar- sideration both
— on both aspects of the -
= \ EXTREME GURVES ent from these curves that, in some sets t h e e
8 o ) or when evaluating a particular bincecular.
2 only slight differences in .50 RRP values h
: i X ' This may be relatively readily achieved by
G mey be significant, and that in oth
. o 7 ers, examinetion of the graphs of Appendix A.
grea erences may be without signifi-
LCL) ” : : gnifi Considerations stemming from this problem
cance because of & large erro
. g r term. The have played & large part in the actual
> i megnitude of the error term in each
5 e set may planning of the experiment; the policy was
5 xamine n Appendix A, where the 90 set, and
- , 5 every effort was made, to increase
3ok 50 and 10 intercepts O
g ‘\ \\ 3] for the 7x50x7° binoc- the mumber of sets for an instrument where
Q ular in each set ar
g-: 3 \ \ e presented. small differences were found, or where
i It is, again
\ \ , ag , clearly necessery to great variability was encountered. This
establish RRP!'s b
\ \\ y combining results from could only be done at the expense of other
as meny sets a b
o _ B \‘\ \L\ B ny s ‘possible. comparisons where large differences, or
General Discussion:
\\ X - - differences associated with low variability,
0 GIO i i | i LN ~ .. - e methods of analysis which have were obtained. Because of this policy the
80 100 120 140 been employed in the present study have not precision of the .50 RRP is not the same
PERGCENT OF ME been sufitied
entl
AN RANGE OF HAND HELD 7X50X 7 ° BINOCULARS 7 developes eomony e et
for 1
THE RELAT t to be possible to evaluate the error appear in many more sets than others.
OF TH IVE RANGE PERFORMANCE : of measurement of the .50 RRP of each of
E 7X50X7 ° H.H BINOCULA |
OBSERVATION P
WHESA\&/‘,IEE?NI(EDS g?EO\B/ISSEIgI\l/_EI';Y OF TARGETS IN DAYLIGHT e
S POST
e P el KNOTSED ON A DESTROYER The position on the vessel from which difference of the order of magnitude of .10
I\ observations were mede may be a possible log units appeared betveen the mean log
INT .
NOTE : source of error, or of misleading results. range of Target 3-100 as obtained on the
OF THE GURVES SHOW THE VARIABILITY OF PERFORM These may relate to height of eye of the signal bridge, and as obtained oa the gun
THE 7X hdad ANCE observe
50X7 ° H.H. BINOGULAR FROM SET TO SET e o 12 v S e e
deck in which the instrument is used. 32' and 25'. This difference did not relate
Helght of Eye: As reported later in greater itself to any systematic difference in the
Figare B-12, detail, during the night yuns & consistent performence of optical instruments, except
158 RESTRICTED RESTRICTED
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in e os§2 oF the 10x50x7° HH binocular,
whitoh yueldad &7 R8T of 117.0 in the lower
rasiniar. and 37 3¢ T in the higher. For
his Teaas. TeRnlts I0sined on the gun
JesX Snw reeaId separstaly from those
obrsimd o 3¢ signal beidge. Anelysis
of txa rossills sauses of this phenomenon
—ust svait & fullier evsiustion of all the
exTexinentsl results.

Tha data obtsired during the day runs
fxcn tothk of these levels, as well as from
the lowver deck (height of eye: 20') show,
for mean log renges of 3 different dis-
criminations, no systematic differences
whatever, so that results from all three
levels could bte combined in the final RRP
curves presented.
Position on Each Deck: Besides height of
eye, the effect of the position of each of
the six observation posts of the signal
bridge, and of eacﬁ of the three on the gun
deck must also be analyzed. It is possible
that a systematic factor may operate in one
position to enhance or diminish the per-
formance of the instrument employed in that
position.* One possible systematic factor,
the effect of communication between ob-
servers, with consequent false reporting or
similar effect, should reveal itself in such
an analysis. If the reports of one observer

affect those of another, consistent differ-

ences should appear between the pérformance

* In the night observations made in Sep-
tember, it was possiblo to rotate the hand-
held binoculars tested among the six posi-
tions on the signal bridge so that the
effect of any sysfomatic factor could be
annulled. With the requircment of mounting
instruments, however, it was impossible to
continue this rotation. The September ro-

sults had indicated that such rotation was
not necessary.

160

of observers in the isolated positions 1
aend 6 on the signal bridge, and those of
the observers in the relatively close posi-
tions 2, 3, % and 5. Consistently longer
ranges would be expected from positions

2, 3, 4 and 5, if the observer first
reporting affected the others, since his
report world stimulate the other observers
to report earlier than otherwise. Greater
variebility in observations from positions
1 and 6 would also be expected, since these
observers presumably would be unaffected
by the "levelling" effect which such inter-
stimulation would produce.

Results - Night Runs:

(A) Table B-14 gives the mean corrected*
7x50x7° EH by renges (sets VD and VE are
not inciuvded) on discrimination 3-100, for
each of the nine positions of the night
observations together with standard devia-
tions, and € 2 for the six positions on

the signal bridge.

Discussion: From Teble B-14, it would ap-
pear that there is & slight tendency for
position 1** to give shorter ranges than
positions 2, 3, 4 and 5, and a strong ten-
dency, statistically significant at the

1% level, for position 6 to do so. No sys-
tematic rhenomena relating to variability
appeer. Analysis of the 12 cases entering
into the date in position 6 show that they
¥ The corrections employed are besed
primarily on visibility, and are presented
in detail in & later section.

** Inferior renges from position 1 may be
partly because this position was the most
difficult to supervise, so that these re-
sults might occasionally be on "hand-held-
rested” binoculars rather than "hand-held",
l.e., it was possible for the men in this
position to rest their elbows. It is not

believed, however, that this happened ex-
cept in the case of very bad weather.

) RESTRICTED
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TABLE B-14

2
€ ANALYSIS OF MFAN RANGES OBTAINED

AT EACH OF NINE POSITIONS (NIGHT OBSERVATIONS)

Position N Mean sD
1 SB 35 3.53 0.12 N
2 SB 23 3.57 0.16 €@ = o.048
3 SB 38 3.57 0.13 >Just signifi-
4 SB 30 3.57 0.1% cant at 5%
5 SB 26 3.58 0.12)Y T = 3.2 level
6 SB 12 3.39 0a7f p < 0.001 P
7 GD 43 3.57 0.13
8 GD 45 3.55 0.13 > €2 not caleulated
9 GD 37 3.56 0.13
All 289 3.55 0.14

are by no means & random semple of perform- yerds, and without statistical significance,

ance at that position--8 of the 12 were
obtained in the September series of tests,
when visibility was generally poor.

A further check on the validity of the
inference that instruments perform more
roorly in position 6 is needed, and is made
possible by data from sets VD and VE (Table
B-15). 1In an earlier section of this re-
port, data are adduced which show that
the binocular in position 6 obtained RRP's
of 97.5, 9% and 95.5 in set VD, set VE, and
in the combined sets respectively. The
relative standing of the binoculars used
in position 6 was 4th, 6th, and A4th from
the group of six for the three. If now
we consider not only these data, but elso
those in Teble B-14, it is evident that
there 1s only a =light tendency for posi-
tion 6 to yield consistently poorer
verformance. If it is a genuine effect,

1t 1s & small one, of the order of .03 log

CIETRIOTRL

and even this may be more due to distrase-

tions at position 6, mentioned earlier,

than to interstimulation of observérs.

TABLE B-15

€2 ANALYSTS OF POSITION EFFECT

ON SETS VD AND VE

(NIGHT OBSERVATIONS)

Position Set VD

MEAN LOG

?Qﬁggs) SD
1 3.59 0.11
2 3.49 0.07
3 3.55 0.12
y 3.56 0.10
5 3.50 0.10
6 3.53 0.11

€2 = 0.04; not

significant

Set VE

MEAN LOG
RANGE

(YARDS) SD

3.58
3.56
3.59
3.56
3.58
3.55

o O O O o ©o

€2 --0.14;

.14
.08
.06
.09
.08
.08

not significant
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TABLE B-16 , several experienced individuals will dis- our data, but also because the probability
MEAN LOG RANGES FOR THREE DISCRIMINATIONS FOR FOUR g agree a&s to which is the best of several seemed slight of getting operationally
B .
OBSERVATIONS POSTS, WITH €° ANALYSIS OF SIGNIFICANCE types of binoculars. An effect of this significant variations in run conditions
OF DIFFERENCES IN POSITION 5 sort, which produces different results {from which to obtain instrument-run
from different observers, is termed inter- interaction) within the short time alloted.
i action. If such interaction occurs
Discrimina- Discrimina- Diserimine- Unfortunately, under the conditions of this
tion 7-G tion 8-100 tion D-PT between observers and instruments, and experiment, both types of interactions
No. Mean SD Mean SD Mean SD to an important extent (in terms of the cannot be evaluated simultaneously.
Port, Signal Bridge 12 k.11 0.13 413 o.11 3.52  0.20 ! relative ranges obtained), it must be taken Statisticel Design and Procedure: The
Starbeerd, Signal Bridge 12 y.1% 0.13 y.06 0.17 3.5 0.13 into account in the interpretation of our design employed to measure the instrument-
Gun Deck 12 4k o.10 k.05 o0.21 3.52 0.1k results. observer interaction employed 12 observers
Lover Deck 12 4,10 o0.12 4,08 o0.07 3.46  o0.20 Similarly, it is possible that some (Sections A and F), using three instruments
All observations 48 ¥.12 0.12 4,08 0.16 3.49  0.17 binoculars are better suited for use under over twelve runs. Each observer used &
2 certain conditions of visibility than are given instrument twice, on alternate runs.
€ -0.07 -0.04 -0.02
e others. Such run-instrument interaction is The standerd 7x50x7° HH, the 7x50z10° HEH,
. not without interest, although less critical and the 10x50x7° HH were the instruments
No value of € obtained here is statistically sdgnificant.
= to the results. studied since they are similar in over-sll
Day Runs: in these positions mey be expected. It is impossible, in using the Latin performance and mode of use, and they vary
There were not sufficient day runs to Comment : Square design, to determine whether either from one another in a manner which offered
permit analysis of results on each of the It is concluded that the effect of type of interaction appears, since, in the possibility of yielding correlations
12 positions employed. During these runs, position on the bridge and of inter— this design, each instrument is used only with observer~-variables. The random
the practice followed in the later night stimulation emong observers, is a small once by each observer and only once on assignment of observers to instruments was
series, of naintaining the position of an one, and that the date do not lose re- each run, and hence no estimete can be made essentially the same as described for the
instrument constant through a set, was liability. of the variance of & given lnstrument for basic procedure.
continued. Further evaluation is clearly required, the same runs, or for the same observers,
TABLE B-17
Table B-16 gives the results of an however, before the results may be considered against which the variance attributable
2 SOURCES OF VARTIANCE AND ASSOCIATED
€© snalysis of the day observation posts, as unequivccal, and this must include ansly- i to observe-instrument and run-instrument
‘ | DEGREES OF FREEDOM IN
groupred as port signal bridge, standard sis with respect to the effects of wind, interaction can be evaluated. Since the
INTERACTION EXPERIMENT
signal bridge, gun deck and lower deck. vhich consistently affected certein posts major concern was the measurement of the
This analysis suggests that no difference more than others. differences among instruments, which are
source of Degrees
most precisely estimated in the Latin Variance Number of Freedom
INTERACTION S ‘
quare desi interaction had to be
. Between cells 36 (35)
investigated separately. Tnsthumonts 3 ~
4 vAuuDii v =
It 1s rossible that all individuals another, such as the 10x50x7°. Comments of Because of the limited time available, . 12 )
Observers .
will not give equivalent performance with Observers clearly indicate differences only one type of intersction was studied. L0 : 20
o =
the ssme type of binocular. For some, among individuals with respect to the in- The interaction between instruments and Within cells - 36
<he T -0 .
the 7x50x7° v1ll give optimum efficiency strument preferred, and it is well kmown observers was selected, not only because Total T2 n

and mexirmn ranges, and for others,

that, on the basis of rough observations. it is more critical to interpretation of

) "
162 RESTRICIED RESTRICTED o3
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Table R-1T indicstes the sources of
varisnce and degroes &f freedom associated
with snd invelvad 3n this experiment. The
tota) vsrisnce is divisidle into two sources,
that hotween o2lls snd that vithin cells,
22131 including the tvd range values

»esined by & given subject on one instru-

©

¢y

sut., There are & totsl of 36 cells

H

{12 men x 3 instrumenss), Fielding 35 de-
grees of fresdom between two cells. This
betveen-cell variance is itself divisible
into three sources: varisnce sattributable
to instruments (2 degrees of freedom),
varisnce attributable to observers (11 de-
grees of freedom), snd variance attributable
to interaction between instruments and
observers (22 degrees of freedom

B35 - (2 + 21)] ).

The remsinder of the total variance is
attributadble to the variance within cells,
with 36 degrees of freedom. This includes
the variance due to experimentsl error as
w£ll ss the run vsriance which cannot be
separsted from the error variance. It
sarves &8s the basis for estimating the sig-
nificsnce of the varisnce attributable to
rnteraction.*

As in the bssic statistical procedures,
zhase snsliyses for interaction were per-

Trmmsd separsately on each diserimination.

w11l ¢ noted that in this design
c35i%le effects of run differonces are

TC the extent that
$8 are preaont, the only
¢ they seem capable of
ue of F {3 to diminish

Sinee the
s relatively unifomm at the
on interaction were made,
roduced I8 bDelteved to be

LIS

F- 3
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ations involved were essential)]
The comput ¥ S

similar to the basic procedures and will not
be detalled here. However, in this case,
the critical F-value is obtained by dividing
the I x O varience by the within-cells
variance. The variance due to consistent
differences among instruments and observers
1s removed from the total variance among
cells, and there remains the variance
attributable to interaction. The signifi-
cance of this variance is tested against
that due to experimental error, and differ-
ences among runs (the within-cells varieance)
This analysis could be perforned on only two
targets, 1 and 3, (to 21l criteria of seeirng)
owing to poor visibility.

Results: .

All six F-values were significant et
the 1% level; shqwing that there exists &
significant tendency for an irdividuel ob-
server to perform relatively titer with
one instrument than with others, and thet
the best instrument is not the same for
all observers. This statisticel conclusion
is borne out by inspection of the resul:s
on each discrinination. Texn of the 12
observers did best with scme one instrursnt
on all six discriminstions; three =en per-
formed best with the standard 7x:0x7° EH,
four with the 7x50x10° HH, and five with
the 10x50x7° HH,

Individual results are given in Taltls

B-1% fn torms of the pe

reentags of the
mean range on all discriminaticns for
all obzervers and instruments (3,350
yarda),

Ro correlation between the preferma

inatrument and any other variable cr wh.oo

PERCENTAGES OF MEAN RANGE ON ALL DISCRIMINATIONS OBTATNED BY FACH OBSERVER WITH EACH INSTRUMENT

IN INTERACTION EXPERIMENT

Subject Section Percentage of Meen Range Overall
7X50x7° 7x50x10° 10x50x7° Averags
Ca A + 128 76 67
L & 117 75 109
Na F 175 8k 82
Average 140 78 86 101.3
co A 79 140 T4
La F 83 155 T8
An A 92 139 71
Mi F 77 181 71
Average 83 154 73 106.7
At A 90 65 102
Cu F 105 64 124
Ba A 104 T4 111
Fi F 63 70 166
Br A 84 73 158
Average 89 69 132 97.0
Average 99.7 99.4 101.0
% 7x50x7° Range 100.0 99.7 101.3 100. 0
Section A: Average 96.1 gk.5 97.1
(Experienced
Observers) Percentage 100.0 98.3 101.1
Section F: Average 103.3 104.8 105.0
(less Ex-
gg;‘éi?gig) Percentage 100.0 101.4 101.6

data ere available is evident, although it
is suggestive that, of the five men who per-
formed better on the 10x50x7°, four had
Pupil diameters in excess of 7.5 mm. This
may indicate that clipping is a factor in
decreasing performance, in that it could
hardly occur in the case of these men on

this instrument. Only one man who had a pu-
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pil diameter of this magnitude preferred
another instrument. There is some indication
that the men who did best on the 10x50x7°
did poorest as a group. This does not cor-
relate with training and experience.

No relationship was evident between
the observers' comment sheet ratings and

their instruments of best performance;
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their subjective evaluation did not match

their performance.

Interpretation:

These results show thst interaction
occurs; some men perform better on some
{nstruments than on others. Moreover,
it msy be, in some cases, & large effect.
Relstively grest differences in the. ranges
obtsined by individuals on different
bincculsrs are appsrent.

It is probsble that such differences
in performsnce relate to the tendency of
i{ndividusls to reie some instruments higher
thsn otkers, evan though, in this small
grouy of twelve men, subjective evaluation
dats did not seex to desx much relation-
ship to performsnce ox the three binoculars.

The presane? of insexsoiion requires

<hst the »alstive perfozmsmca of biroculars

=ust be estsbhlished oz s large gogup of
=2n. If cnly so511 ss=pies of D2n sre

azpiowed, the resulis =ST b2 —islesding.
Iz e present expexixent, sithough it

Vv&s 207 anticiysied thst such large sys-
TamsTiy Jinfermances soong Tan would aprear,
T 25 deliaved that s suffloiently large
&3 >Ipyesantative pepaistion used esch

Amstrumant o parmit its proger evaluation.

the ssme ssotions obsexved (Arpendices A

s2d 0). Tt must de srphssized that the . Q

LIS PAroentase DSCGSs in Tsble BelR,

It sRould alsd b noited thst for Zoth seo-

tions in this experiment, the 10x50x7° does

not show the superiority usually found.

The most important aspect of interactiopn
petween instrument and observer is the impii-
cation it carries for instrument design,
the selection of peraonnel, and for visua)
theory. If the best instrument for the
average observer is selected, thken it should
follow that all personnel who will use it
ought to be selected in some manner so
that only those for whom it is the most
effective will employ it. If all personnel
must be employed, then it follows that sev-
eral types of instrumenta should be avail-
able, so that each msn will use that which
gives him best results. In either case,
more information on the phenomenon should
be obtained and the finding verified. A
definitive attempt should be mede to ascer
tain the physiological or psychological
variables which determine instrunment
preference so that it will be possible to

set up & series of approvriate visual

measurenments to classify the individual
with respect to his performance on various

instruments.

The type of individuel difference which
msy serve &3 the basis of auch interscticn
will probably be found in the absolute
values of the constants of the zsthezatical
expressions of the various visual functicnal
relationships. There 1s soze experizentsl
evidence which indicates that there is not
necessarily a high correlation a=ong the
values for these constanta for the sazy
observer.®

-

Tice, F. G., Individual Differerces IL
Fusicn Frequerncy Correlated with Other
Visual Frocesses. Unpublished Iccotor’s
dissertation, University of Virginis, 1

33,
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RESULTS, PART II

Interaction 8l1so requires other types
of research; the extent to which the advan-
tage of & particular instrument may be off
set by the interaction factor should be
determined.

As yet, in the absence of further re-

RESULTS, PART

In Results Part I the general reliabil-~
ity of the experimental methods developed
was discussed. Part II presents the ectual

results attained by the various instruments

search, and with a lack of understanding
of the factors involved, the positive

evidence of interaction has no immediate
practical application. Further research

i1s essential.

INSTRUMENTS

tested. It also describes and discusses
the relative importance of such factors
as mounts, head rests, magnification, and

exit pupil.

BINOCULAR VS NAKED EYE

The effectiveness of any optical instru-
nment is the advantage over naked-eye obser-
vations which it will yield to the observer.,
Although it is a basic reference point, the
neked eye could not be employed throughout
the experiment because of its low efficiency.
Consequently, the advantage of the standard
7x50x7° binocular over the naked eye was
first established, and evaluations of
ather instruments were made in terms of
its performance. The naked eye was used
as an "instrument” in four 6-run sets of
the hand-held series run at night in
September, 4nd in two of the 3-run day
blocks.

Binocular Advantage at Night:

In none of the four sets were sufficient
data obtained on the naked eye to permit
calculation of RRP curves. This in itself
is an index of its poor showing. However,
& rough analysis permits calculation of
the approximate "binocular advantage”

obtained, which is defined as the ratio of

RESTRICTED
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range obtained using the standard 7x50x7°

binocular to range obtained with the naked

eye.

(a) From a total of 9 discriminations in
the four sets, mean naked-eye observa-
tions were obtained, which could be
compared with the mean 7x50x7° HH
ranges on the same run. The average

binocular advantage Mean Range for .
Binocular / Mean Range for Naked Eye
for these 9 discriminations was 2,50.

(b) On a total of 18 other discriminations,
on which mean ranges on the 7x50x7° HH
could be determined, it was possidble
to set & lower limit below which the
binocular advantage cannot fall, by

dividing the mean range obtained with

the standard by the maximum range
which the naked eye could not have ez~

ceeded, which is the range at which the
DE turned from its approach course.
The average "minimum” value proved to

be 2.44.
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These dats would seem te indicate that
the naked vye range is approximately L0%,
ceoptalnly no grester, of the 7x50x7° YANge,
and that the hinocular advantsge 13 close

@ 250,

<t

This figure may be compared with
the £indings in Comdr. D. R. E, Brown's
report to BuShips, A Study of Visibility
and Concealment Computed Lrom 708 Sightings
of Y. S. Submarines:
"0n clear starlight nights, the aver-
age range of 236 sightings through
7x50 binoculsrs was 1560 yards. The
farthest sighting rsnge was 3600
yards. When binoculars were not
used, but all other conditions re-
mained the same, the average sight-
ing range was not less than 625
yards, the farthest sighting by the
unaided eye occurring st 1800 yards "

This ylelds s binocular advantage of
2.60, close to the present figure.

The agreemont bstween these two risld
results would s9em to indicate the lsbara-~
tory findings on the 7x50x7° HH, under
aperoximately the same conditions of illum-
irsation, yiold somewhat sreater advantages
<han can te 9xpected in praccice At Brown
University, the advantage wa3 determined 33
4.0 (OSRD Report 6128). At Dartmouth
Duniversity, the extremely kigh valuw of 3.2
was ovtalned (OSRD Report 4433).

Binoculiar Advantage in Daytime:

Data were complete on 3ufrficlent dia-

srimirations during the day runs %o permi-

letermirations of the RRP of the nuked sye.

Lad

The .50 RRP obtained was 90, Figure B-13.

presents the RRP graph. The reciprocal sf
this 90 RRP yields an estimete of the
binoculsr advantage---1.11, which is leas
then half of thet obtained &t nighc. Ths
surprisingly small increase in renge
yielded by the 7x50x7° binoculer by day

msy in pert be stiributeble to the medioere
visibility encountered, and to the poor
observing conditions, slthough these shoula
hsndicaep the nesked-eye observations as wsll,
The result is not unexpected, however,

from the computations ¢f visibility arngd
binocular adventege rerformed by the
Tiffzay Fourndsiiond, which indicates thas
Jptical insstruments should roi yileld grest
advantage uxder deylight conditiona.
Discussion:

Iest & tendercy t¢ underestimeate the
useofulress of binoculars te reirforced &y
these findipgs of 2.50 by night apd 1.11
by dsy, it shculd. perheps, be emphaesizad
that the prebability of detection of car-
29ts 18 3 fupction of the square of the
apsclute ranges, sc that the binocular
3dvantages for detnaction of targetsz in
3n 3res are 9.73 and 1.3, for night and
da7 reagectively. Theas values more
:lrsely reprosvnt tie asctusl operational
advantage %o be rbtained from 7x50x7° EE
binoculars than do the range values.
’Wm—y. A, C¢. The Effacts of the Atmeu-

ohers on the Performance of Qptical

Irfe":;"mcn:s. Binulvs snd Pruceedings
04 tne Army-Navy-NRC Vision Committee,

?3‘52’0“36'«4‘-"13, 12-13 February, Loko,
u 30-3L,
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THE MONOCULAR VS THE BINOCULAR

The 7x50x7° HH binocular was uvsed both
as a monocular and binocular in six 6-run
sets by night, and four 3-run sets in the
day series.
Night Results: The .50 RRP (Fig. B-14)
of the monocular was 91 based on the few
discriminations which could be calculated
on & relatively inefficient instrument.

The use of & binocular rather than a monoc-
ular, then, extends the range by 10% at

night.
closely with the 10-25% increase predicted

This finding in the fleld compares

from theoretical data by the Subcommittee
on Binoculers of the Army-Navy-NRC Vision
Commi ttee.*®

At Brown University (OSRD Report 6128)
the 7x50x7° HH binocular increase in range
at higher brightness (7.1 log uul, as com-
pared with the present 5.0) was determined
as 20%4. The Brown report noted that only
10% increase would be predicted at this
level of illumination if the two eyes acted
as "independent observers" and attributed
their greater range to binocular inter-
action of a not yet understood nature.
Day Results: The 7x50x7° monocular was
used on both the gun deck and the lower
deck of the DE during the daylight obser-
vations, and the combined estimate of its

.50 RRP (Pig

Xag.

B-14) obtained under these
conditions was 99.1. That the advantage
of binoculars by day is insignificant may
*Page 24 of Minutes and Proceedings of

the Army-Navy-0SRD Vision Committee,
12th Meeting, June 1945.
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be expected; if it exists at all it might
disappear entirely had observers skilled
in the use of monoculars (such as signal-
men) been used. The smaller edvantage

is expected for theoretical reasons at
daylight brightnesses,

Discussion:

It is extremely difficult to compare
these findings with those of Hyde, Cobb,
Johnson and Weniger* on the 6x30. In
their field experiment, procedures and
methods of measurement differed greatly
from those of the present study, so that
it can only be noted that they report but
slight gein from binoculars over monoculars
during daylight, and a greater one at night,
a finding in conformity with the above.
Insofar as it 1s possible to transiate
their night results into increase in range,
the binocular seemed to give 4% greater
renges. .

The present results will be of use in
providing an answer to a problem which has
faced those engaged in optical design for
meny years: where limitstions are placed
upon the size and welght of an instrument,
should & binocular be preferred to a
monocular, even though the latter may be
designed with higher magnification, larger
exit pupil, and greater field size? Given
the size and weight specifications which

* Hyde, E. P., Cobb, P. W., Johnson, H, M.
and Weniger, W. The Relative Merits of
Monocular and Binocular Fleld-Glasses,
Proceedings of the Franklin Institute,
Vol. 189 No. 1130-14, Februery 1920,
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must be met, and the optical specifications
of the monoculars and binoculars vwhich
vill meet them, prodiction can be made of
the renges vhich may be obtained with

esch from the present 0% binocular advan-
tage, and from dste presented later in
this report on range as a function of mag-
nification and exit pupil. Considerstions
of cost and maintenance must be held of
secondary imporiance.

Eowever, even though the predicted
rerformance of & monoculsr and & binocular
msy be equal, there still remsins a sub-
stantial, although less tangible, é;_dvantase
for the binoculer. As Eyde and his asso~
ciates revorted, and as Eecht has relter-
sted*, judgments are made more rapidly
snd witk more assurance whea the cbserver
is able to use both eyes. No measure of
these phenomers was possible in the
present experiment. EHowever, in the sub-
Jective evalustion of optical instrucents,
as described later, comslstently lower
rates are given €0 morocular instrucents,
other things teing equsl.

In periscoge desigr, the Germsns have
found ome solutica to this laTtter prodblen.
By the insertion into the optical systen,
at tho eyepiece, of a bteam-sglitter, toth
oy9s may bte utilized sim:lten=ously, even
though the instrument is furndamentslly a

monocular. This device may bte used or

FJuns 1945 ANOSRDVC minutes.

RESTLTS: HAND-HELD BINODULARS

Figures B-15, B-16 and B-17 pressns

the Ralative Range Performsrce curves for

———
taken out of the system according to the
wishes of the observer using the instrument,
When the beam-splitting device is used,

the brightness of the imege on either revins
is less than half that when the periscoie ig
used as & monocular. Such a decrease should
produce & loss of renge as great as 18% on
dark nights.¥ However, pa:rt of this loss
is mede up through stimulation of both
retinas, so that the net loss of renge fron
the range of the monocular should be only
about 10%. The subjective adventage, and
sssurance of the observer in making rerirts
is retained, as in the binocular, but et
the cost of range, for night observations.

If the use of such devices can be >im-
bined with satisfactory increeses in wsgni-
fication, exit pupil, and Iield size, over
binoculars of the same size and welght, the
instruments embodying them may be useful
ones; they are, however, decidedly subject
to further research.

Meritorious though they may prove
be, such devices should not lead to the
use of a monocular vher; it is possible %2
emrloy & binocular of equsl magnificaticn,
exit pupil arnd field. The date are clezr-
cut: & binovculer has a definite and sut-
stantial advantsge cver a monocular £ir
night use, and this advantage should n:--

be sacrificed to exrediency.

* OSRD 6128

“h¥ kand-held binoculars; Table B-19 gii-3

the corresionding .50 Relative Range Prr-

L
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rormance (RRF) values.

TABLE B-19
.~0 RRFT VAILUSS FOR FAND-HELD BINOCULARS

THS
AS DSRIVED FROM
STMMATSD RSLATIVE RANGE PERFORMANCE CURVES

NIGHT DAY

OBSERVATIONS OBSERVATIONS

Siznal Gun
Instrumont Bridge Deck  All Decks
exiaxi2? - 5.3 100.0
7x20x70 100.0  100.0 100.0
TRA0x10° - 203.0 102.5
Sx60x3° (—14) 205.5  103.8 =
9xt3x5.7° - 112.5 -
20x50x7° 106.7  117.0 100.2
L0x70x79(IF) 22.0 - =

Comments (Night Results):
s
{Z) The 1O0x7Ox7T™ timosulsr gives ancmelous

results. This rrototrye "olded” instrument

Ind
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develeysd 10 reosive a faly teost.
laght
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It was diffisult to =odld olip-

cournted, snd the possidilitles of the

D.riher &x
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(3) Toe twe samples o 1o0 Sxelxst

B
binocular are in good agreement.

(4) The discrepancy between the resulgs

on the 10x50x7° binocular obtained at ths
two observation levels is not easily account-
able. These two values, 106.7 and 117.0
respectively, may be compared with data ob-
tained at Brown University, which show,
under precise laboratory conditions and ag
a brightness close to that of the moonless
night sky, that the 7x50x7° binocular
gives an average log relative range* of
2.92, and the 10x50x7° one of 2.96. This
dirference of .04 1log units is ap.roximetely
10%.

with those of the lesboratory.

The present findings are in agresmeng

(5) The effectiveness of megnificeticn in
increasing range will be discussed lecer.
Cozments (D2y Resulis):

(1) The 6x¥2x12° apreers tc perfor= rire
setisfacteorily by day; it is e3ual o the
sterndard instyrurment. Since cthe TxEOx'C

tincovler gives only azproximately .07
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(4) X substantial differences ef, <2
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shan the bulky and heavy 9x63x5.7° binocular,
it has a clear advantage over the 7x50x7°
pinocular which it resembles very closely
in size, weight, and convenience of hendling.
Tt is decidedly better in these latter re-

spects than the 9x63x5.7° binoculer. For
RESULTS:

Figures B-18, B-19 and B-20 present
the Relative Range Performence curves for
the mounted binoculars, end Teble B-20
gives the .50 RRP values.
comments (Night Results):

(1) Discussion of the effectiveness of
mounts, and of magnification is reserved
until & later section.

(2) 1t is apparent that the 10x70x7°
binoculaﬁ‘ the NDRC Pilot Model, did not
perform as well as would be predicted from
its magnification and exit pupil. No
optical characteristics, such as uncomfort-
able eye-distance, or low Contrast Ren-
dition, accounts for a performance roughly
8% velow what might be predicted.

Comments (Day Results):

(1) Although curves from only one set ere
pre sented in Fig. B-20, the 20x120x3° and
the 25x100x3.6° binoculars were used in

two sets, and both values are presented in
T2ole B-20. The very large discrepancy
between the findings on the two sets has
not yet been accounted for, and cannot

be attributed to such factors as visibility.
The more valid of the two performances cannot
be cstablished until, at some lster date,
obaurver-binocular interaction can be pre-

cisely evaluated. The group of observers

FESTRICTED

MOUNTED

does not excel, the 7x50x7°.

day use, the 10x50x7° equals, although it

This instrument

appears to be the most satisfactory for all-
purpose use as a hand-held instrument, and
it might well replace the 7x50x7° instrument

as standard equipment.

BINOCULARS:

yilelding the greater .50 RRP values were the

better trained and more experienced of the

two.

TABLE B-20

THE .50 RRP VALUES FOR MOUNTED BINOCULARS
AS DERIVED FROM
SUMMATED RELATIVE RANGE PERFORMANCE CURVES

NIGHT DAY

OBSERVATIONS OBSERVATIONS

Signel Gun
Instrument Bridge Deck All Decks
xli2x12° S =
6x50x7° 91.9 - -
7x50x7° 115.5 - 111.5
7x50x10° s 105.0 -
9x63x5.7° - 120.2 =
10x50x7° 122.3 - 117.5
10x70x7°(¥DRC) 119.5 - -
10x80x7° 133.0 - 11%.0
20x120x3° s o 133.5
25x100x3. 6° - - 132.5
20x120x3° 188.0 - 193.0%
25x120x3. 6° 179.9 - 173.5%

* High figures were obtained with this instru-
ment with more experienced observers.

xxpata inadequate for plotting.
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RESULTS: MOUNTED MONOCULARS

Figures B-21 and B-22 present the
Relative Range Performance curves for the
mounted monoculéer instruments, and Table

B-21 gives the .50 RRP values,

TABLE B-21

THE .50 RRP VALUES FOR MOUNTED MONOCULARS
AS DERIVED FROM SUMMATED RELATIVE RANGE
PERFORMANCE CURVES

NIGHT DAY
OBSERVATIONS  OBSERVATIONS
Instrument Signal Bridge Signal Bridge
4x28x10° 53.0 97.2
6x30x8.5° 53.0 -
6x33x7° * gk, 0
6x33x8° 64.9 "100.0
16x96x3.2° 117.0 -
21x76x2.8° 79.8 93.8
2lx96x2 . 2° 126.2 -

* Data inadequate for plotting.

Comment (Night):

(1) The 4x28x10° instrument is employed in
& gunsight. The inferior performance to be
obteined from a monocular of low power is
all too evident; the instrument has little
advantage over the naked eye, which gives
ranges 40 to 50 percent as great as those
of the 7x50x7° standard. The 4x28x10°
monocular is of little merit for night use.

(2) The 6x30x8.5° and the 6x33x8° instru-

ments are both prismatic telescopes, employed

iL fire-control instruments. The 6x33x7°

1s a modification of the 6x50x7° binocular,

RESTRICTED
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and resembles, as closely &as possible, the
6x33x8° glass. The modifications were:

(a) obscuration of the left barrel,

(b) fitting of an annulus over the objective
lens to reduce its aperture to 33 mm,, and
(c) placement of a piece of plate glass over
the objective lens in order to reduce the
light transmission* to thet of the 6x33x8°.
It was desired to compare the prismatic
telescopes with the more simply designed
instrument to determine if the ghost images
observable in the former interfered with
their performance.

Neither of the prismatic telescopes
performs well. Although they give ranges
some 50% or better than the naked eye, they
are substantially poorer than the standard,
and possess even less merit when compared
with mounted binoculars of roughly equiva-
lent power. It is unfortunate that during
the sets when the 6x33x7° was tested, the
visibility was so poor that data quite
insufficient for calculation were obtained.
This is, of course, a token of their poor
performence, since the 6x33x7° binocular
gave an RRP of 87.6 on the same runs.

(3) The 16x96x3.2° telescope and the
2hxg6x2.2° telescope are actually & single
instrument of two powers. By comparing

the performance of this telescope with that
of the two high-powered binoculars, certain

interesting inferences with respect to the

[
* The data of Appendix A show that this was
not entirely effective; the 6x33x7° still
had & higher light trensmission than the

6x33x8°.
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PR

jnterrelationship of exit pupil and magnifi-
cation &8 determinents of range may be drawn,
as discussed under "Magnification and Exit
Pupil.”

(4) The 21x76x2.8° telescope may be taken
as & fair sample of a high power nautical
jnstrument. Its performance is poor, and
this is not entirely attributable to the
small exit pupil. Another factor is its
length which, although not so great as the
2ux96x2.2°, may serve as & mechanicel lever
to increase the effect of vibration, which
is lerge in & high-power instrument enyway.

The performence of the 21x76x2.8° telescope,

like that of the 10x70x7° mounted binoculer,
must be further anelyzed before it is pos-
sible to assess its merits.

Comments (Day Observations):

(1) As expected from the small binoculer
adventage in deylight, the monocular instru-
ments perform relatively better by day then
by night.

(2) The 21x76x2.8° performs more poorly
then expected by day as well &s by night.

This is agein an anomolous result indicat-

.ing that this instrument must be more care-

fully evealuated.

MAGNIFICATION AND EXIT PUPIL

Although not originelly selected for
the purpose, it was possible to arrange
some of the binoculars into & series with
nearly constant field size and exit pupil,
but of increeasing megnification. Such &
series provides a basis for the evaluation
of the contribution made by magnificetion
to the relative renge performance of the
instrument.

Figure B-23 presents the .50 RRP
plotted against the megnificetion of these
instruments for hand-held, night, and for
mounted instruments, dey and night use.
The great range of exit pupils among the
monoculars, and the smell range of megni-
fication of the hand-held, day series pre-
vented their inclusion in the figure.
Streight lines describe adequately the
rclationships observed. The equations of

tt: lines on Fig. B-23 were obtained by the

n.thod of least squeres, and are &3 follows:

R TRICTED
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(a) Hand-held binoculers, night use

.50 RRP = 4.3 M + 70.4 .
(b) Mounted binoculaers, night use:

.50 RRP = 6.5 M + 59.7
(¢) Mounted binoculars, day use:

.50 RRP = 4.6M + 76.0
In these equations, M is the magnification
and .50 RRP the most probable relative range
performence.

The fit for mounted binoculars, day use,
is questionable, in view of the discrepancy
in the results obtained from two sections of
observers with the high powered instruments.
In draving the figure and deriving the eque-
tions, the lower values were not considered.
Discussion:

Although the exit pupils of the binoc-
ulars whose .50 RRP!'s were plotted together
varied from 4.0 to 8.5 mms,, this variation
appeers to produce very little deviation

from the performence predicted on the basis
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of megnification alone, except 1n the case
of one instrument with an exit pupil as
small as U4 mm.: the 25x100x3.6°. Within
the limits of magnification on the illus-
tration, 4 to about 20, Relative Range
Performance may be accepted as & linear
function of msgnification, provided that
exit pupil is 5.0 mm. or greater. This

is in accord with the results of the
Dartmouth experiments on hand-held binoculars

(0SRD Wo. 14433).

v
P )

of magnifications ur W
However, the equation vhish strxeximstely
describes those findirgs hss s slope constent

the offect

of 1%.3, indicsting o magnifica-

tion on range to be more than three times
grester than that obtsined ir the field. The
experiments on binoculers at Srown, on the
contrary, yielded diminishing »eturns with
binoculars of higher magnification under
equivalent levels of brightness.

At night the advantage of increased
rower 1s greater for mounted instruments
than for hand-held ones. This is a rather
meaningless finding, since high-power ins-
truments of sufficiently greet exit pupil
are necessarily mounted, because of their
size and weight. It is, however, in agree-
ment with what might bs predicted from the
greater effect of vibration during the day-
time, and on hand-held instruments,

It may be concluded that high power is
decidedly advantageous in an instrument
for night, and less so for day use, Mag-
nification may be as high as is consistent
with the expected conditions of the instru-
ment 8 use, with the requirements of main-

taining exit pupil diameter at a satisfactory

magnitude, and with providing an adequate

—————t e e

fleld. Other things being equal, instruments
of higher magnification perform as well or
better than instruments of lower megnifi-
cation, under all circumstances studied.
Exit Pupil

Figure B-2% presents the RRP curves or
two series of instruments varying in exit
pupil dismeter. The .50 RRP values are
given in Table B-22, All these data were
obtained during the night observations,
since the short t;me available did not
permit inclusion of such series in the day
observations. By day, large exit pupils
should yield either no effect, because of
the contraction of the puplls of the observ-
er's eyes, or an adverse one because of the
greater amount of light introduced into
the instruments, which might be expected

to reduce Contrast Rendition.*

TABLE B-22

THE .50 RRP AS A FUNCTION
OF EXIT PUPIL DIAMETERS
OF MOUNTED BINOCULARS

RESULTS, PART

II

100

80

701

60}

50

30

PROBABILITY OF PERFORMANGCE

20 -
6X50X7°(X.R=83)

60 80 100 120 140 160
PERCENT OF MEAN RANGE OF HAND HELD 7X50X7 ° BINOCULARS

Exit Pupil Diameters 6-Power 10-Pover
in Millimeters Binocular  Binocular
5.0 - 122.3 THE RELATIVE RANGE PERFORMANCE OF
5.5 88.0 - MOUNTED BINOCULARS VARYING IN EXIT PUPIL
7.0 92.5 119.5 DIAMETER
8.0 - 133.0 BASED ON THE VISIBILITY OF TARGETS AT NIGHT
8.3 91.9 - WHEN VIEWED BY OBSERVERS POSTED ON THE SIGNAL
BRIDGE OF A DESTRQ_YEB_ESGORT TRAVELING AT
From Fig. B-24, it is evident that 9 KNOTS
some advantage is gained in performance
* It is of interest to note that the Germsn
25x100x3.6° and the 10x80x7© instruments were
fitted, not only with long sunshades, but
also with objective stops which reduced the
ex1t pupil diemeter consideradly. Figure B-24.
RESTS107ED RESTRICTED 187
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with large exit pupils, but these gains

are not so great as might have been ex=

pected. No conclusion can be made on the

effect of increasing exit pupil beyond

7 mm. Farther analysis of the present date

may lead to more decisive results in this

respect.

Relative Contribution of Magnification and
Exit Pupil:

Some estimate of the combinations of
magnification and exit-pupil diameter which
prove best for performance, and of the
balaence between the two variasbles vhich
should be maintained, may be obtained from
the three comparisons of Table B-23. In
each pair of instruments vhich is comparsd,
an inerease in magnification is associated
with a decreas¢ in exit-pupil diameter, end
with in two cases, ilncrcasing, and, in one
case, decreasing performance as measured
by .50 RRP.

From these comparisons, it may be
inferred that, when choosing between two
instruments which differ in both msgnifica-
tion and exit-pupil diameter, the instrument
of higher magnification is to be preferred
provided thet it has at least 33% greater
linear magnification, and not less than
67% of the exit pupil diameter of the other.
Thus, an 8x60 would be preferred to & 10x40,
since the letter has only 25% greater magni-
fication, with & 33% loss in exit-pupil;
but not to & 12x48 which has, with the same
loss in exit pupil, a&n increase of 50% in
magnification. The dats on which this

rule of the thumb is based are not conclus-

ive, but it seems to hold for instruments

TABLE B-23

ESTIMATE OF REIATIVE CONTRIBUTION OF
EXIT PUPIL AND MAGNIFICATION TO .50 RRP

Decrease
Tnerease in BExit
Instrunent in Pupil Change in
Pair Power Diameter .50 RRP (%)
7x50x7°
43.% 29% app. + 10
10x50x7°
16x96x3.2°
50% 33% + 8
24x96x3 . 2°
20x120x3°
25% 33% -5
25x100x3. 6°

with exit pupils felling in the range 4-8 mm,

General Discussion: The general conclusion
from the results presented is that:

(2) other things being equal, increases in
megnification are accompanied by propor-
+ionel increases in range, up to & magnifi-
cation as least as high as 20x, end (b),
other things being equal, gains in renge mey
be obtained by increasing exit pupil up to
8 mm. The best combination of magnifice-
tion and exit pupil for an instrument must
be based on the requirements of size and
weight, with the highest values of both

as the optimal, and with the rule of thuxb
reported above as & rough guide.

Tt is unfortunate that at the time dur
ing which the field teésts were run, & wider
variety of instruments could not b tested
Inclusicn of such an instrument &s the
Japanese two-powered 224x30x180, with 12
unique combination of high pover and

large exit pupil, would have been helpful.

RESULTS, PART II

BINOCULAR MOUNTS AND VIBRATION

The problem of vibration of an optical
{nstrument is & complex one. It arises from
both the unsteadiness of the platform cn
vhich observer and instrument are placed and
the tremor of the observer's body. Its
effect is increased by the optical leverage
entailed through the magnification of the
instrument and by the mechanical leverage
produced by the length of the barrel of the
instrument.

Vibration has often been considered to
set & sharp upper limit to the useful mag-
nification of an instrument. The displace-
ment of an image on the reting of the eye
by vibration increases in direct proportion
to magnification. This displacement in-
creases the effective area of an imege,
lessens its contrast, and so reduces
its visibility.

Presumably, any type of mount which
will reduce vibration should effectively
increase the RRP of binoculars; even
though the mounts transmit vibration of the
vessel to the binoculer, they will ellim-

inste~ some body tremor. A mount designed
s¢ that mediated vibration of the platform

is damped as effectively as possible should
still further reduce vibration and improve
rerformance.
Results:

Table B-24 presents the .50 RRP results

for night observations for the 7x50x7°

and Table B-25 presents the data on the

Other binoculars which were employed both

hand-held and with the standard Mark 51
director mount, or with the Mark V alidade,
vhich give equivalent results.

These tables show that substantial
benefit is to be obtained from mounting
binoculars, and that greater benefits are
obtained by the instruments of higher mag-
nification, The range increase is of the
same order of magnitude both by night and
by day.

Table B-24 may be compared with the
data obteined by NDRC at Brown University.
Their findings, presented in Table B-26,
were obtained at a higher brightness, but
in the absence of & vibrating platform.
Field results and laboratory findings are
in close conformity.

In the day runs, mounting the 7x50x7°
binoculer yielded a .50 RRP of 111.5, vhich

mey be compared with & relative range of

TABLE B-24

THE .50 RRP OF THE 7x50x7° BINOCULAR
WHEN USED WITH STANDARD MOUNT,
ANTT-VIBRATION-MOUNT (VFA),
HAND-HELD AND HAND-HELD RESTED

Night Day
Observations Observations
Instrument Signal
and Mount Bridge All Docks
7x50x7° HH 100.0 100.0
7x50x7° HHR 115.5 -

7x50x7° MTD 115.5 111.5
7x50x7° VFA 114.8 11%.6
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TABLE B-25

THE .50 RELATIVE RANGE PERFORMANCE VALUES

OF HAND-HELD AND MOUNTED INSTRUMENTS

DAY OBSERVATIONS

RESULTS, PART II

TABLE B-27

THE .50 RRP OF TWO BINOCULARS, HAND-EELD
AND MOUNTED, AT TWO SPEEDS. ALL DATA
COLLECTED ON SIGNAL BRIDGE AT NIGHT.

the 10x50x7° HH birocular used as a standard
instead of the usual 7x50x7°x.
When this transmutation has been made,

the results become clearer: the hand-held-

NIGHT OBSERVATIONS rested, and the mounted 7x50x7°, and the
Signal Bridge Gun Deck ALIRTSCS Instrument 9 Enots 17 Knots hend-held 10x50x7° yield epproximately
T - WD M};'g;%{% . MTD H?‘%}%I% HH MTD Mg%;;% ‘ 1x50x7° EE 100.0 100.0 the seme ranges at high speed as at low.

R ) i ) B 102 ) ) A 2 7x50x7° HHR 115.5 122.3 Tfle vibration-llree alidede (Esstman's Antio-
7x50x10 7x50x7° NID 115.5 120.1 Vibration Mount), and the mounted 10x50x7
9x63x5.7° - ‘- - 112.5 120.2 1.07 - - - 7x50x7° VEA 114.8 125.0 perform better in the presence of greater
10x50x7% 136.7 122.3 1.15 - - - 100.2  117.5 1.7 10x50x7° HH 106.7 aNe vibretion. This result is at variance with

20x50%7° MTD 122.3 1hy.7 leboratory predictions, end may lead to the
121.0, vhich vss obtsined in daylight field TABLE B-26 suprising conclusion that low-pover instru-
tests on lapd early in 19h3.* Results: ments suffer more from vibration than do
High Speed Runs: RATTOROFARELS S VA SRANG Fo ROF AL IDADE o Figure B-25.gives the RRP curves of the high-power instruments.
In order to evaiustve mounts more rigor- MOCHIEDRSNE THUMENIS 0P FAND HELD four sets run et 9 knots, with which have Magnification and Vibration: A check on
ously, two & run night sets, during vhich SETROMERES AT BRICHINESS [ OF7. ILOGMICRO: been combined those from other sets where TABLE B-28
the Destroyer-Escort treveled at 17 knots, L s R e i O this was possible, and also those at 17 }
were made. This speed was considered by (BROWN UNIVERSITY) ynots. The date are sumarized in Table THE .50 RRP OF TWO BINOCULARS, HAND-EELD AND
the officers of the vessel to be that at B-27. MOUNTED, AT TWO SPEEDS, EASIC 100% RANGE,
which vibration vas & meximum.** Two in- T rEent Ratio The increase in .50 RRP of the 10X50x7° CONVERTED FROM 7x50x7° T0 10x50x7°
struments and four types of mounts were o binocular in the presence of greater vibra- BINOCULAR
CELIRES R B UM S e e tion may be caused by & decrease in the per- DATA COLLECTED ON SIGNAL BRIDGE AT NIGHT.
7x50x7° EHE 10x50x7° - 1.13 formance of the standard 7x50x7°. To check
7x50x7o L 10x70x7° 1.08 this, a careful comparison of the absolute Instrument 9 &nots 17 Knots
7250x7° Hounted ranges obtained cn the 9-knot runs was made 7x50x7° HH 93.7 88.7
7x50x7° Vibration-free elidade vibration, since many experimenters* have with those obtained on the 17-knot runs; 7x50x7° HER 108.2 108.%
10x50x7° HH considered thet vibration would render binoc- using the three discriminations on Target 3. 7x50x7° NID 108.2 106.5
10x50x7° Mounted ulars of magnificetion greater than 8 or 9 After the correction for visibility (described 7x50x7° VFA 107.6 110.8
The 10x50x7° ves chosen as the second less efficient. ¢lsewhere) had been spplied, it was found 10x50x7° HH 100.0 100.0
irstrument because it had seemed superior to The same set of instruments and mounts that the 10x50x7° yielded the same ranges 10x50x7° MID 1L.6 128.3
the 7x50x7° in previous sets at 9 knots. vere tested in four other sets run at at both speeds, while the 7x50x7° lost from
It was desired to determine whether this approximately the same time at standard 10% to 30% in range (depending on the tar- mgirggyt;gg:ﬁﬁtigg; 3};‘&; iﬁriiﬁii-
anpgriority would bes maintaingd withigreater speed {9 kz;ots). get) at the higher speed. On the reasonable Jo% Eg: :é::segi:g;éxﬁgg?io?; iﬁi:rcégg’? iﬁgh
el ay L e s T ssmmption wat e 73505 entommed e RAele et b AL L
Department, U.S. SubBase, 23 July, 1943. ?etsgen ggﬁ:;.gg;g:irgnggsp?ﬁ:rgfgﬁﬁEer tively more poorly with v“i,b.ration, and that e;;8;-7%sminz:og::gda;.rsg;gcel:rgk.mn T}E?(sa e
It untortimtely, ot rastale L7 88 d eneteine  E e 2055041 bisosuler vas not arrested, [ end shousd not prodce misieed:
gggagggginggg:{)ment Bl il §egd1“8§r°f chg;n%stg rﬁgztﬁguggstﬁg Arxll:s" Table B-28 was computed from Table B-27 with be acknowledged.
avy-NRC #ision Committee, June 1946.
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| .SPEED 9 KNOTS ; 100} \
100 | )} ) \
QOp~—" - - — - - - )
80+ 10 X50X 7° HH. 90 \\
or lOXSOX?’MTD. ) sob - ~
w
oL y g
50 2 o}k S ad
40 \ 7X50%X7 ° V.FA g v -
¥ 30f 7X50X7 °HHR. ?3 ok : :Iz
Z 20f 7X50X7 ° MTD. 7 \;t
- - = w
§ lg . \l ‘\ 1 ! 1 1 R 50 "
< S0 100 I30 140 150 160 170 180 w \
= ek e SPEED 17 KNOTS > 407 \
‘8 90"'\ Q ‘ N
>~ @ 30}
5 80t \\\ \ 10 X50X 7° HH. > \
2 70t 7X50X7 ° MTD. £ 20 \
B d \ 7 X50X7 ° HHR. a i \
o K\ \
& 50 | - _ 2\ ] o
a0t | 7X50X7 °VFA
) | 10 X50X 7° MTD
30y ! 0 i L 1 1 i i 1 1
201 60 80 100 120 140
O}~ S . = AND HELD 7 X50X7 °BINOCULARS
e ) ! ‘ t : . e PERCENT OF MEAN RANGE OF H
S0 100 10 120 130 140 150 160 170 180 THE RELATIVE RANGE PERFORMANGE
PERGCENT OF MEAN RANGE OF RAND HELD 7X50X 7 °BINOCULARS OF LOW POWER HAND HELD BINOGULARS
THE RELATIVE RANGE PERFORMANGCE
OF HAND HELD AND MOUNTED BINOGCULARS BASED ON THE VISIBILITY OF TARGETS AT NIGHT
WHEN VIEWED BY OBSERVERS POSTED ON THE GUN
SBASED ON THE VISIBILITY OF TARGETS AT NIGHT DECK OF A DESTROYER ESCORT
WHEN VIEWED JY ORSERVERS POSTED ON THE SIGNAL
BRIDGE OF A DESTROYER ESCORT | - SPEED 9 KNOTS
| — ———— SPEED 17 KNOTS
1'
Yo Wt — Figure B-26.
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TABLE B-2Q it may be observed when quite unnoticed in

the lower-power binocular. 1In many psycho-

THR .50 RRP OF THEREE HAND-HELD 0ok

logical experiments it has been observed

BINOCULARS AT IWO SPERDS that subjects required to give & rerformance

ALL DATA COLLRCTED 0N GUN DECK AT NIGET under & basal condition, and under en adg- | 3 =Te] b -
verse onz (e.g8., against & background of

Tastiument 9 Xndts 17 Knots noise or similar distraction, in extrene 80ob
fatigue, or other unsatisfectory rhysicel ¥

“xedx YRR 12,9 22,0 ‘

o conditions) will very often give & rerform- E 7ot

TxeOxY EX 103.0 S%.3

ance equel to or better than thet given

SRS YOS 33 0.5 ;
N - ) : under the bassl condition. This is pos-

60
sible by virtue of greatver effort, with
his finding 18 sVvsilsdie in the ssts M &
. s full or over-cocrensatioz for the disctreso-
simus Bnedusly on the gan dsok, where the 50 .
tien. ¢ is suggested thet this effect
oxbix12® Dindsuler wss compered with the S SESs . i
N - 3 R . sacounts for tke fizdings iz the rressoz
TR-ORLY ArE e TRAXTY, &1l hand-held. 40}

T Te&WLlS3 AL ihese 89Ts and shown In

- .~ . s — Ticm, the =ore the obssrvens werg siimlliszisd
Fik B-2r, &3 wn MeTLs R0, 30+
. — . T2 ocozpensete fo it WZse TIbrETICs i
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THE RELATIVE RANGE PERFORMANGE
OF HAND HELD FIXED FOCUS BINOCULARS

BASED ON THE VISIBILITY OF TARGETS AT NIGHT WHEN

VIEWED BY OBSERVERS POSTED ON THE SIGNAL BRIDGE
AND GUN DECK OF A DESTROYER ESCORT TRAVELING AT
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Comment: From all these results it mey
be concluded that substantial benefits are
to be gained from the pravision of effective

1
mounts for binoculars. Increases in range

of the order of 10-20% are possible if & suit-
able mount is provided, and the gein is
greater for higher-powered instruments. Still
further benefits should be geined from fur-
ther development of special vibration-suppres-
sing mounts, such as the Eastmen Kodak
Anti-Vibretion Mount used here.

This vibration-free alidade* was the
¥ Chandler, J. S. Binocular Anti-Vibration

Mount, Eastmen Kodak NDRC Contract OEMsr-392,
August 27, 1945, 15 pp.

only one avallable, but it is deficient in
certain respects. It is installed within a
housing behind a gless window, so that the
1ight trensmission of the system is less thap
it might be. The mechanicael suspension is
complex, and the instrument, in its present
form, probably is not sufficiently substan-
+ial to stand up under conditions of opera-
tional use. Development of a more practical
vibration-free mount is in order.
There remain certain phenomens with

respect to the performance of low-power in-
struments in our high-speed date which should

be further investigated.

FIXED FOCUS

The use of the fixed focus for binocu-
lars hes been extensively studied throughout
the late war, not only in the United States,
but also in allied and enem} countries.

May binoculars be built with a fixed focus,
and if so, at what focus should they be
fixed for day, and at what for night use?

The consensus of expert opinion is in
favor of a focus of —3/4 or ~1 diopter for
both night and day use, This is based upon
acceptance of O diopter as average setting
for the emmetropic eye under high levels
of illumination, and of —1 diopter for night.

The German 8x60x9° binocular which was
employed in this experiment was fitted with
a water-tight locking screw which provided
for adjustment and locking of an internal
focus. There is no scale setting for focus
This made it impossible to allow each sub-
ject to adjust the instrument to his own

best focus, end consequently, it was de-

196

cided to fix the adjustment at -1 diopter
at the Submarine Base Optical 3hop, and to
use the instrument with a fixed focus.
Through the trials in September, the 8x60x9°

was used in this manner.

The acquisition of a second 8x60x9°
binocular made possible control tests for
the effect of this fixed focus, so that the
8x60x9° might be evaluated independently of
the fixed focus, and so that results might
be obtained permitting the evaluation of
the 6x33x8°, 6x42x8°, and 6x50x8°, and the
4x27x12° monocular, which were also flxed-
focus instruments (~3/4 diopter).

Four thres-men sets were run twice each
at night on a comparison of the 8x60x9° with
fixed focus at -1 and at -2 diopters*
with the standard 7x50x7°. Observations
¥ -2 dlopters were used as the second fixed
focus rather then 0 diopter in view of the
negative focuses generally obteined by

the observers, who rarely set a day focus
at 0,

RECTRICTED
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were made from the gun deck.
Results:

The .50 RRP results of these sets (Fig.
B-27) were 103.8 for the 8x60x9° (-1d) and
105.9 for the 8x60x9° (-2d), the ratio of the
latter to the former being 1.02.

Only a slight difference appears between
the two fixed focuses; this difference mey be
attributed to sampling.

Further Analysis: Since it was desired to
investigate the relationship of fixed focus
to the individual's own focus, a further
analysis was made. The ranges of all dis-
criminations of each observer for the 8x60x9
(-1d) end for the 8x60x9 (—2d) were averaged
separately, and the mean difference and the
reliability of the difference computed. In
order to obtain the latter measure, it was
necessary to calculate the correlation be-
tween the range for each discrimination ob-
teined with one binocular with that obtained
with the other binocular on both sets of runs.
This yielded, as a by-product, a measure of
the reliability of gpservations made by each
observer since the data for cach observer

were obtained under comparable conditions of
visibility,

The results of this analysis for each of
13 observers (1 men substituted for another
In one section for one complete set) are pre-
3ented in Table B-30, together with each men's
average night focus for several different bi-
noculars,

The first finding is that the average
Tosvlts embodied in the .50 RRP obscure the
§;i€;332§§2;8tggre used as the second rixfd

n 0 diopter in view of the

negative focuses generally obtained by the
Observers, who rarely set & day focus at 0.

RESTRICTED
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actual performance of each observer

with the two fixed focuses. These observers

differed redically among themselves in their

relative performences with the two glasses,

Although, on the average (as calculated

this way), the mean range within the -2

diopter fixed focus was greater by.only 3%%,

different individuals gained as much as 33%

with the -2 diopter setting, or lost as

much as 123%. All differences in mean in-

dividuel range as great as 5% are highly

reliable. ,
The findings on fixed focus thus de-

pend on selection of the individuals in

the group tested. In this case, the group

seems to contribute a fairly representative

sample of the population. Slight relation-

ship, if any, exists between the focuses

chosen by the individuals themselves, and

the fixed focus at which they perform !

better. If anything, the evidence indicates

that those performing better in the -24

setting prefer on the average & less nege-

tive setting (-1.1 diopter) than do those

performing better with the -1d (who prefer

-1.3 diopters). The sample is too smell,

however, to permit final conclusions to be

drawn.

Reliability of Observations: From the coef-

ficients of correlatlon between observations,

1t 1s evident that these observers, under

comparable conditions, reproduce ranges re-

markably closely. Examination of the raw

data shows that the high reliability cosf-

ricients are not artefactual in nature, but

i{ndicate that one can predict with some ac-

curacy from one performence another made

This is true

under comparable conditions.

g s S




NAVORD REPORT 77-46

FIELD TESTS OF OPTICAL INSTRUMENTS R 77-46
TABLE B-30
THE PERFORMANCE OF 13 OBSERVERS ON HAND-HELD 8x60x9° BINOCULAR.
WITE FOCUSES FIXED AT -1 AND -2 DIOPTERS
M
Nighza;ocus Mean Range, All Discrimi-
. No. (Diopters). nationséiBoghaﬁuns.
- h All Focus xe 5
Observer* gé:iiifi B:gjt.no]gﬁ:;*s -1 Diopter -2 Diopters DIff. % p % t p *xx
zZ1 23 -1.04 4509 5670 1161 125 .93 76.90 <.00..01
Br i8 -1.0 3139 4186 1047 133 .89 35.90 <.00..01
Fa b -1.0 1754 2286 532 130 .63 19,00 <.00..01
Co 1 -1.4 2154 2455 301 11% .98 43.00 <.00..01
St ik -1.3 2712 2846 134 105 .85 5.30 <.001
Ve 14 -1.3 2436 2421 —-15 99.5 .68 0.10 >.10
va s -1.9 2755 2621 —13% 95 .93 11.00 <.00..01
Sa 14 -1.0 2776 2635 —141 95 .92 8.80 <.00..01
La 2L -1.7 5524 5356 ~—168 97 .88  8.90 <.00..01
Sg 22 -1.4 2415 2231 —214 91 .84 13.40 <.00..01
B 18 -1.3 koo 399 -508 86 .95 24.90 <.00..00
Ha 18 -1.0 5209 5623 —586 89 .90 27.00 <.00..01
Fh a -1.3 4870 4253  —617 87.5.90 29.50 <.00..01
Average 103.5

-
* Ranges of individuals may not be directly compared because of differences in visibility.

*¥* The range obtained with -14 fixed focus i3 correlated with that obtained with -24
in the same set.

*%x "p" {3 the probability that the difference foﬁnd would occur by chance,

despite the occasionally large differences nately, the only data which offer so neat

between the binoculars, which are evidently an opportunity to measure the reliability of

systematic ones. fThese data are, unfortu- observations directly.

Many binoculars, such a&s the 7x50x10° this is equally well effected by the use of

instrument, incorporate head rests. These narrov cylinders affixed to the eyeplece

have two functions: the first to maintain which extend the tube of the binoculars the

the eye at the proper eye-distance (although proper distance); the second to provide pro-
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tection against wind and glare from the
t1de. For several reasons, it was judged
advisable to run comparative series with and
without head rests. (1) The Bureau oI Ord-
nance considered the usefulness of head
rests sufficiently promising to include
them in its statement of problems. (2) The
7x50x10° binocular, which is equipped with &
head rest owing to the critical eye reliefl
of this instrument, was delivered late, and
consequently had to be used unaltered in the
September night series. Since other hand-
held binoculars were not so fitted, 1t was
deemed necessary for & fair comparison to ob-
tain results on the 7x50x10° without heed
rest but with simple cylindrical adaptors
fitted to eyepiece to meintain the proper
eye-rellef. (3) Finally, critical eye-dis-
tances, and the general structures of some of
the monoculars, and of such high-powered bi-
noculars as the 10x80x7°, the 25x100x3.6°,
and the 20x120x3o required that they be fit-
ted and used with eyecups or head rests*,
and & measure of the efficiency of head
rests was necessary if the instruments were
to be compared as instruments, irrespective
of such fundamentally irrelevant fittings.
Because of these considerations, a di-
rect study of the effects of head rests was
made. Eight 3-run sets of night runs were
performed on the gun deck, comparing the
7x50x10° fitted with a head rest, the
7x50x10° fitted with the adaptors, and the
7x50x70 binoculars.

The resulting RRP curves, together with

* These head rests differed, but not sub-
stantially, among themselves. All were com-
fortable, and all provided for ventilation
so that fogging of the eye-plece lens would
not occur,

TABLE B-31

THE .50 RRP OF THE 7x50x10° HAND-HELD
BINOCULAR USED WITH AND WITHOUT HEAD REST

Observation With Without
Position Head Head
and Group Rest Rest Ratio
Gun Deck (same

observers) 103.9 103.5 1.00%
Gun Deck (all

observers) - 103.0

0.986
signal Bridge
(all observers) 101.5

200

that of the 7x50x10° HH (head rest) from its
September trials on the signal bridge, are
given in Fig. B-28. The values are summar-
ized in Teble B-31.

The differences between the instruments
are minute and not statistically significant;
they may very probably be attributable to
sampling error. Certainly this is true if
the differences in the 7x50x10° HH (head
rest) .50 RRP's obteined on the gun deck snd

signal bridge.
It is interesting to compare the sub-

Jective evaluation scores of the 7x50x10°
binocular used with and without head rest
(see page 209): oOn the whole, the men
prefer the binocular with the head rest.
This was not by any means true for all the
men; some definitely preferred the 7x50x10°
without the extra equipment. It has not
been possible to analyze the data of each
individuel in order to determine whether
substantial differences among individuals
exist in the performance obteined, as wad

found with fixed-focus instruments. Such
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TABLE B-32

—

RATIO OF RELATIVE RANGE OBTAINED WITH
HEAD REST TO RELATIVE RANGE OBTATINED
WITHOUT HEAD REST
(BROWN UNIVERSITY DATA)

Brightness Level

(in Log Micro-  Contrast
Instruments Micro Lamberts) % Ratio
7x50x7° 6.6 Lo 0.844
9x63%5. 6% 5.6 100 0.985
9x63x5.6° 6.6 4o 0.973
10x70x7° 5.6 100 1.000
10x70x7° 5.6 40 1.039
10x70x79 6.6 %) 0.997

differences might well be found to corres-
pond with differences in general head-
structure which affect the fit of the head

rest to the individusl, Of the 13 observers,

The results on search for the submarine
and the SC are not so complete as those on
the examination of the other targets., This
1s the consequence of the fact that on a few
nights it was not possible to station target
vessels when, owing to the complexities of
scheduling, several sets of runs might be
belng made As a result, the number of
sets on which search data are complete is
very restricted indeed.

It had been anticipated that the data
on sighting the fort to the first two cri-
teria of seeing would serve as supplementary
search data, since the observers could not
be certain of the locatinn in which either

the fort, or the target vessels would first

RESTRICTED

the fit was good for seven of them.

These resuits on head rests are not
dissimilar to those obtained by NDRC at
Brown University (OSRD Report No. 6128).
Those data (Table B-32) yield, at higher
brightnesses, ratios closely comparable
with the present 100.% obtained at star-
light levels,

Since the 7x50x7° data in Table B-32
ere considered dubious (page 56, OSRD Re-
port No. 6128), the two studies are in
good agreement.

Head rests, then, are of extremely lim-
ited advantage, so that data on binoculars so
equipped may be compared directly with those
not so equipped. The head rest, although ap-
prarently helpful, may be dispensed with, ex-
cept where it is necessary to meintain proper

eye-distences.

appear, except that it would be within a few
degrees of the bow. This expectation seemed
to be verified by the RRP curves on discrimi-
nations 1-G end 1-100, which resembled the
search curves closely. However, further
examination of these seme data showed that
in every set, on one Or more rung, one or
more observers made these discriminations

so soon after the beginning of the run as

to meke it probable that they were not

made at maximum range. Therefore, these
discriminations have not been studied.

The data on search are thus restricted in
rumber, and ave definitive only in the

case of the binoculars of high magnifica-

tion on which they are practically as com-
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plete &s the standard results. The data
are limited in their application, too,
because the necessities of ship handling
controlled the size of the region in

which the target vessels first could appear,
so that only a smell sector some 20° in
width needed to be searched. Consequently,
i1t is possible thet wide-field instruments

did not show to full advantage.

TABLE B-33

.50 RRP RESULTS ON SEARCH PROBLEM AND FOR
EXAMINATION OF OTHER TARGETS ON THE SAME
RUNS BY THE SAME OBSERVERS

All- All
Targets- Targets--
Sub- Same Runs Seme Runs
marine and Ob- SC and Ob-

Instrument Search servers Search servers

Hand-Held Binoculars

Tx50x7° 100.0 100.0

10x50x7° 93.2 118.3

Mounted Binoculars

7x50x7° HHR 94.2  111.8

7%50x7° 98.0 109.2

7x50x7° VFA 84.8 106.7

10x50x7° 96.8 116.0

10x80x7° 116.8 117.8 110.7 139.5
20x120x3% 126.0 182.0 119.3 187.5
25x100x3.6° 108, 201.0  117.8  171.6
Mounted
Monoculars

16x96x3.2° 95,0 115.0  100.7  116.7

21x76x2.8°  91.4 85.3 91.3 80.8

2hxg6x2.2° 104.2 131.4 102.3 119.0

RRP, = .239 RRP + 72.9

Results: .50 RRP:
Table B-33 gives the .50 RRP!'s for

hand-held binoculars, mounted binoculars,
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and mounted monoculers respectively, for
search, and for the standard targets on the
same observers and ssme runs. Figures B-29,
B-30 and B-31 give the corresponding RRP curves.
These data show a very great reduction
of the differences among instruments. With
& possible exception, all tend to yield the
same ranges and previously striking differ-
ences among instruments shrink, Since the
higher powered instruments hed smaller
fields, this mey indicate that the ususal
advantage of & higher powered instrument is
lost because of its small fleld. The one
exception, the 10x80x7° had the largest
field, which reinforces this suggestion.
However, the instruments still differ-
entiete themselves with respect to power,
and theilr performance on search is, in
general, proportional to their performance

on the other targets. This is shown in

Fig. B-32, in which RRP (search) is pre-
sented as & function of RRP. The equation
of the rectilinear fit (method of least

squares) 1is

.50 RRP .239 x (.50 RRP) + 72.9

search =

Results: Mean Ranges: )
Table B-34 gives the mean ranges ob-
tained with the standard instrument for
sightings of the Submarine and the sub-
chauser. The mean "100%" range or the
submarine, 3085 yards, may be compared with
a mean of 86 sure sightings of a fleet-type
submerine which wes reported by Comdr.
D. R. E. Brown to be 2610 yards. The dis-
crepancy 1s not great, and it is suggested
that the criterion of "sure sighting"

employed by Comdr. Brown's smell group of
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plete as the standard results. The data
are limited in their application, too,
pecause the necessities of ship handling
controlled the size of the reglon in

vhich the target vessels first could appear,
so that only & smell sector some 20° in
width needed to be searched. Consequently,
it is possible that wide-field instruments

did not show to full advantage.

TABLE B-33

.50 RRP RESULTS ON SEARCK PROBLEM AND FOR
EXAMINATION OF OTHER TARGETS ON THE SAME
RUNS BY THE SAME OBSERVERS

All- All
Targets- Targets--
Sub- 3Same Runs Seme Runs
marine and Ob- sC and Ob-

Instrument Search servers Search servers
Hand-Held Binoculars

Tx50x7° 100.0  100.0

10x50x7° 93.2 118.3

Mounted Binoculars

111.8

7x50x7° 98.0 109.2

7x50x7° VFA 84.8 106.7

10x50x7° 96.8 116.0

116.8 117.8 110.7  139.5
20x120x3° 126.0 182.0  119.3  187.5
25x100x3.6° 108.1

7x50x7° EHR 94.2

10x80x7°

201.0 117.8 171.6

Mounted
Monoculars

100.7 116.7
91.3 80.8

16x96x3.2° 95,0 115.0
21x76x2.8°  91.4 85.3
24x96x2.2° 104.2  131.4 102.3 119.0

RRPs = .239 RRP + 72.9

Results: .50 RRP:
Table B-33 gives the .50 RRP's for

hand-held binoculars, mounted binoculars,
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search, and for the3

same observers and 3

of the differences amon

& possible exception, a

higher powered instruments hsé_
fields, this mey indicate that
advantage of a higher powere;l insti-uné
lost because of its small field. The one
exception, the 10x80x7° had the largest
field, which reinforces this suggestion.

However, the instruments still differ-
entiate themselves with respect to power,
and their performence on search is, in
general, proportional to their performance
on the other tergets. This is shown in
Fig. B-32, in which RRP (search) is pre-
sented as & function of RRP. The equation
of the rectilinear fit (method of least

squares) is

.50 RRP .239 x (.50 RRP + 72.9

search =

Results: Mean Ranges: .
Table B-34 gives the mean ranges ob-
tained with the standard instrument for
sightings of the Sutmarine and the sub-
chaser. The mean "100%" range on the
submarine, 3085 yards, may be compared with
a mean of 86 sure sightings of a fleet-type
submarine which was reported by Comdr.
D. R. E. Brown to be 2610 yards. The dis-
crepancy is not great, and it is suggested
that the criterion of "sure sighting"

employed by Comdr. Brown's small group of
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TABLE B-34
MEAN 7x50x7° HAND-HELD RANGES OBTAINED
ON SEARCE
Glimpse 10
Observer Mean Meag Mzgn
Target Location N  (yards) 3D N (yards) sbp N (yards) sD
Sub Signsl Bridge 35 3635 1018 32 3085 1021 30 2495 895
Gun Deck 37 3%4 976 35 3212 504 33 2278 732
sc Signal Bridge 49 3975 1504 s52 3401 1548 k7 2968 1375
Gun Deck 43 3990 1639 46 3151 1246 38 2042 977
G/G 100/G PI/G
Sub: Ratio of Mean Range 1.000 0.875 0.735
sSc: Ratio of Mean Range 1.000 0.878 0.700

lookouts may rfall intermediate between
100% and P.I.

In general, the ranges at which the
SC was sighted are greater than those for
the submarine. This reflects the larger
area presented by the hull and superstruc-
ture of the former, as compared with the
small conning tower, and greatly elongated
and narrow hull of the latter. Since each
run was concluded and the observers were
able to go below, as soon &s PI had been
reported on the search targets, there is
some reason to discount the ranges at
which Positive Identification was reported.
Cold weather, or unpleasent wind may account
for the range obtained as well &s vishal
factors. This does not, of course, affect
reports of First Glimpse.

lscussion:

It is strongly recommended that more
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extensive data on search be obtained. Al-
though the present results are relieble on
the smell group of instruments tested,
other instruments with rather different
properties--e.g., great differences in the
size of the true field--should be compared.
Agein, it may be desirable to perform e
field test in which the plan is rather
different, requiring search of a larger
sector than is required when approaching

a submarine or en SC lying dead in the
water.

Analysis of the search date makes it
clear that the reduced .50 RRP's found in the
search problem are a consequence of the
nature of the task, since the mean range at
wvhich the submarine and SC are spotted is
closely comparable to those at which
merget 3, the radar screen, is corres-

pondingly sighted.
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THE SUBJECTIVE EVALUATION OF OPTICAL INSTRUMENTS

The procedure of the experiment required
each observer, at the termination of each run,
to fill in & comment sheet on which the in-
strument just used was evaluated on a four-
point rating scale with respect to several
variables, Figure B-4 presented such a
filled-in comment sheet.

The purpose of these sheets vas to
determine the validity of subjective evalua-
tions of optical instruments, as well as
to obtain & measure of the acceptability
of various instruments.

A second approach to the problem of
subjective evaluation was also mede. About
one week after the termination of the
October series of observations, each of
the men who had served as observers was
given a set of cards on each of which was
printed the name of a single instrument.

He was then asked to arrange the cards in
order of the general excellence of the
instruments.

Treatment of Results (Ratings): Analysis
of comment sheets was performed only for
the night observations. Day comment sheets
were collected, but it has not been pos-
sible to treat them statistically, of

the various properties with respect to
which the instruments were evaluated,
several* were dropped from analysis either
because they were not understood by the

observer or because they were not relevant

* These were: "clarity at e e of field"
"chromatic aberrationx % !

of field brightness",

» and "uniformity
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to night observations. Consequently, dis-
cussion is limited to the following factors;
"Weight", "Eese of handling", "Steadiness
(vivration)", "Ease of locating target",
"Fatigue or comfort”, "Desirability for
constant use (search)", and "Desirability
for occasional use (recognition)."

Each instrument, under each condition
of use, was given a single score for each
factor by use of the following formula; "

= 100
Score = N

(2E + G — P) + 100

vhere E = Number of ratings as "excellent"
G = Number of ratings as "good"
P = Number of ratings as "poor"
N = Total number of times the instru-

ment was rated.

This formula wveights "excellent" rat-
ings, and yields a score vhich 1s alwvays
positive,

Results (Rating Scores):

Table B-35 gives the score made on sub-
Jective evaluations mede by the various in-
struments. As a group, the monoculars are
clearly the least acceptable.

Results (Ranking): Only ten of the observers
vere sufficiently familiar with each of the
instruments used to Supply complete data.

The mean rank accorded each instrument by

the ten men was accordingly calculated,

These mean ranks are present in Table B-36.

Inter-correlations:
8. With ratings: Since "Desirability for
constant use (Search)! was considered the

index most likely to be correlated to the
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TABIE B-35

RATING SCORES OF OPTICAI, INSTRUMENTS ON EACH OF SEVEN VARIABLES

Number

Ease of [Fatigue
of Ease of Steadl~ Locating or Desire. Desire.
Instrument Ratings Welght Hendling ness  Target Comfort (Search) (Recog.)
Hend-Held
Binoculars
° 50 180 188 177 171 168 14 147
gigg;%g koo 21l 208 175 196 191 19k 193
7x50x100 ko 178 170 153 158 135 103 122
7%50x10° (HR 132 171 160 165 173 ih7 1%5 i48
8x60x8° (-14 55 15 58 139 193 gi og 14
ex6oxg° (-2 2 153 12? a8 & 83 oo 158
gﬁiggg%g 18 200 211 168 192 167 176 . 205
10x70x7° (J.F.) 11 50 30 109 82 27 18 73
Monoculars
1 22
léxagxzéo; SS 1(713 igg ﬁg %?3 %2 3 168
o S - A
O x X 25 5
7?5%%0 (HH) 42 174 191 157 66 127 gg 12134
16x96x3.2° 12 83 90 100 75 1 28 8
2kx96x2,2° 11 175 138 178 135 gr o1 18
21x76x2.8° 25 55 78 86 2 7
Mounted
Binoculars .
6x33xT7° 16 157 138 118 29 i?g 1:5 91
S ig i?% ig? i%g 11? 127 12 1:é8
0
giggi%% 17 13 2 l%% 2(5)’:2L 128 183 181
7350x7 (HHR) & o7 S 197 185 189 %2853
1 1
T 2onro (vFa) 27 235 25 2k 23 1@ 185 165
7x50x10° 10 175 170 55 3 2ot 12 ®
9x63x5,7° 12 \225 189 125 el o e 10
10x50x’;’g 5 o igg igg 229 165 163 220
10xérox72 (wDRC) S? gg 186 178 152 16’9{ %g; :2L§13+
10x80x7 I 2 >
o 220 172 223 23
3‘5’22'}%83‘3.50 Sg 236 181 208 117 192 200

lations.
*No RRP was available on these instruments, so they are not included in later correla

general acceptability of an instrument,
Pearson "r"'s were calculated between this
and each of the scores on other criteria.
Renk order rhos were also computed between
the scores made by and the mean rank given
to the 16 instruments
The results are presented in Table B-37.

The high correlations suggest that .
there is a great "halo" effect, i.e., that
c&ch judgmert is based largely upon & general

Subjective evaluation, rather than on & spe-
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cific basis for each judgment.

b. Validation of the Subjective Evaluations:
Fortunetely, it is not necessary to limit the
analysis to guesswork on the significance of
these findings. There is, in the .50 RRP of
each instrument, & criterion of actual per-
formance to which may be releted the subjec-
tive evaluations made. Table B-38 gives the
Pearson coefficients of correletion of this
objective index of performance with scores

on each of the bases on which the instruments
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B-36 were rated on the comment sheets, ang also, TABLE B-38
* th the rank-difference =
for 16 of them, rho CORRELATION BETWEEN .50 RELATIVE RANGE PERFOBMANCE OF
INSTRUMENTS ranks alreedy re
MEAN RANKS OF OPTICAL between the mean ¥y reported ang EACE INSTRUMENT AND RATTNG SCORES
the rank of the instruments in rerformance,
Instrument Mean Rank As had been enticipated, "desirability i R 31$§}cgﬁce
Basis of Rating r 7 3
20x120x30 2.3 for search" correlates most highly with the | Er (%)
Weight 0.5 0.
10x50x7° MTD 3.9 criterion, actual field performance, and the > 1o !
Bese of Handling 0.3 0.1
10x70x7° MTD b2 suggestion is strong that the high correlg- : . 1
© 8 Steadiness (Vibration) 0.62 0.08 1
7x50x7" HE 5 tions found between this and the others basis
Eese of Locating Target 0.58 0.0 3
‘ 7x50x7° MTD 5.9 of rating ave owing to "halo effect," ang ° -
Fatigue or comfort 0.52 0.10
10x50x7° HH 6.0 that relatively complex interrelationships & ) s
Desirability - Constant use (Search 0.70 0.0
7x50x7° VFA 6.6 exist among the ratings employed. ’ !
o 3 Desirability - Occasional use (Recognition) 0.62 0.08 1
‘ . 7x50x10° HE 6.8 It was possible to obtain some measure
7x50x10° HE (Heed Rest) 7.4 of these interrelationships by using the
6xkox12° HY 7.9 ' Renk difference rho between meen subjective renking end renk in .50 RRP
‘ * * technique of partial correlation. Taking the 86
N 0 5 0
9x63x5.7° EH 7-9 correlations of the criterion (.50 RRP) score
[+
SZCOXTS R 9.8 and of the desiradbility for search score with TARIE B-39
o
7x50x7" (MON) 13.0 each of the other ratings and the inter-
6x33x8° (MON) 4.2 PARTTAL CORREIATION OF RATING SCORES ON RACH RASIS WITH .50 RRP, AND WITH
correlations of these with each other, the
.50 N DESIRABILITY FOR CONSTANT USE (SEARCE), TER EFrECT OF THE OTHER
6x30:8.5° (ticw) .2 effect of one upon the other may be par- ' ) .
28x10° . BEING PARTIATED OUT.
‘ il 14.3 tialled out and the correlations between
Naked .
ie e each rating with the RRP score, or with the Correletion Correletion
with "Suite- Between RRP
desirability for search score, without the Correleiion Correlecion bility for end "Suize-
with RRP with "Suis- - Constens oility for
‘ corre- "Suitability ebilizy for Use(Search)" ((:onstan;. Tse
: lation for Constent Constent Score; RRP Seerch)”
TABLE B-37 Basis of with Use (Search)" Tse(Seerch)” Eeld With Bach
Rating RRP FEr Held Constent Sq}gre PEr Constant Held g_onscant
T
CORRELATION OF SCORE ON DESIRABILITY FOR CONSTANT USE (SEARCH) WITH T 6 "
-0.05 0.7 % 0.03 0.69 0.5%
‘ SCORES ON OTHER BASES OF RATING AND WITH MEAN RANK Weight 0-53 f LIy Gk s -
Eese of Hand~- - 5
ling 0.39 £ 0.11 -0.18 0.69 = 0.07 0.63 0.65
Pearson "p" Level of p with Mean Steadi - .
, (29 Instru- Signifi-  Rank (16 In- GoCNOSS 0.18 0.77 = 0.05 0.60 0.4
‘ Basis of Reting ments) PEP cance struments) (vibration) 0.62 f 0.08 . =
Ease of - = . .
| Weight 0.80 0.05 1% 0.81 ing T‘;rgg’g“t 0.58 +0.09 0.06 079 =0.05  0.66 0.48
Ease of Handli i
ndling 0.86 0.03 1% 0.58 "Fatigue® or K6 - 00z 0.81 0.358
"Comfort" 0.52 £ 0,10 -0.23 0.86  0.03 0,81 0.58
{ Steadiness (Vidration) 0.78 0.05 12 0.8% i t .52 £ 0.1 -
‘ Ease of Locating Target 0.79 0.05 1% 0.89 gggéﬁﬁlﬁg ) 1.00
.00 <.
Fatigue or Comfort 0.87 . 0.03 1% 0.682 (search) 0.70 £ 0.07 =
Desirebility - Constent U Desirability -
‘ Y it Use (Search) 1.00 0.00 - 0.89 ?;casional Use 0.08 0.18 0.77 = 0.05 0.60 0.4k .
‘ Desirability - Occasional Use (Recognition) 0.76 0.05 1% 0.77 geenttion) 0.62 f ’ . i
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contaminating effect of the other, may be
derived. The results of this analysis are
presented in Table B-39.

Tn these results, "desireoility for
constant use - (search)" correlates most
highly with actual performence end, if
only one such mode of rating is all that
can be used as an index of an instrument's
utility, it gives results which are not mis-
leading. Some fector other than the visual
efficiency of the binocular appears to
enter into this rating, a factor closely
related to "ease of handling" and "fatigue
or comfort."

"Desirability for constant use -
(search)", then, seems to yield an over-all
estimate of the subjective satisfactoriness
of an instrument, but it leads to & mis-
evaluation of the instrument on the other
bases by the "hslo effect." Thus a spu-
riously high correlation is reached between
each of the others and the .50 RRP score.

Judgments of "steadiness" and "suitability

——

for occasional use - (recognition)® are
also slightly positively related to per-
formances.

It was not possible to extend analysig
of these data further, and to determine the
nature of the bases other than efficiency,
as measursed by .50 RRP, on which & binoculay
is evaluated., It 1s strongly suggested
by the data that the most importent basis
on which this is done is "comfort" in
handling, end that this factor must be taken
info account in evaluating the general
utility and acceptability of an instrument.
Rating by Civilians:

It was originally planned to employ &
large number of civilian and technical ob-
servers, as well as enlisted men, since, it
was anticipated, these men might, by superior
qualifications, give better results as
observers, and might better be able to
judge the instruments objectively.

A comparison of the scores given five

instruments by the civilian group and oy

TABLE B-40

COMPARISON OF RATING SCORES GIVEN FIVE INSTRUMENTS BY THE CIVILIAN GROUP AND

BY A GROUP OF ENLISTED MEN HAVING THE SAME EXPERIENCE WITH THE INSTRUMENTS

RESULTS, PART II

a comparable group of enlisted men who used
them at the same time, and for approximately
the same numdber of runs is presented in
Pable B-40.

It appears that the eglisted men judge
the instruments more rigorously than the
civiliaen group. There is good agreement
between the two groups in relative retings.
Discussion:

These results show thet observers who
have necessarily familiarized themselves
with & number of instruments by using then
to a considerable extent are able, &s 2
group, to eveluete them satvisfectorily in
terms of their actual utility in the fieid.

The large "halo effect"” found indi-
cetes thet the more closely releted to the
specific job for which the instrument is
to be used are the terms in which it is
evaluated, the better, i.e., the nore valid,
the evaluation.

These evaluatioas were all mede on the
basis of comparison of the instrument with

the verbal standards which the observers

have set up; they do not require immediszte
end direct comparisons between two inscru-
mencs.

Werning: These results should not lead eny-
one into the belief that persons familiar
with the use of opticel instruments are
eble to meke off-hand judgments &s o the
probeble performence of & binoculer or
monoculer unfemilier to him., It must be
ecphasized thet 211 the reters end renkers
fron whon date were obteined hsd had
thorough exrerience with en instrument, on
& fized end femilier set of tergets, befors
they eveluated it; no off-hend judgments

were obteined. Such judgzments, if made

[e]

n nog-comperable tergets, mey oe seriously

oisleeding. 4s en instence of this, sev-

o

rz1 subzsrine commending officers &nd

o

0D's stazed, on the basis of & few wesks

olnocculer w&s & vetter instruzent than the

) 2 .
TX50X7 . It rust be assuzed thet such mis-
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or "convenience” fector.

CONCLUSIONS

0n the basis of the results which have

by dey then o7 night (e.g. lower-tower

Deaire-
Steadin - i N g izl
Ease of andess ng:iigg Fagigue giiig; (gjiégY been rerorted, certain conclusioas mey bte instrurents and instrucents with smell
Instrument Weigh d ' . .
Ee 2 g Hzn 1128 Vébr&téon gargeg Cgmforg (Zearcg) Enitiog) drzwn which apply to the problems of opticel exit pusils), nc inversions heve been
o 28 A feurd.,
(i 134 150 133 167 176 223 200 216 128 170 124 200 168 109 d=sien: curd
10x50x7° HH 165 207 170 207 165 113 180 153 130 154 125 164 210 207 (1) An instrument which is selected fcr (2) A binosuler instruzent 1s 0 be pre-
&
£ & £ o ALtE L the
7x50x7° HH (MoN) 202 207 203 179 160 172 68 93 105 173 35 3% g0 50 its superiority at night will perform ferred to & monoccular, Although th
- she jventege is slight by day, it is zuf-
8x60x9° HH 0 6 32 b 111 > sztisfactorily by day. It is neither edveniege s
(-1a.) ’ > 9 e & o 26 38 . ficlently greet ©y night to werrant
° necessery nor advisable to provids 2 sy g Digle rren
7z50x7 HH 202 213 202 223 174 188 195 150 169 213 155 191} 201 181 separate instruments for use undsr =he inerezsed cost, -.'eisht, end com-
v - asig by FeEnt e Ter
Mean 140 157 148 166 159 158 164 162 111 155 93 126 155 158 each condition. Although certain in- plexity of design. The adventege stels
struments perform relatively better zot ¢nly from increased resges, but
212 PR LPICTES NEITFICTEL zi®
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from the relatively greater coafort,
acceptability, and ease of use noted
in subjective evaluatioas.

(3) A mounted instrument is to be preferred
in all instences to a hand-held instru-
ment, and mounts or rests should be pro-
vided for all optical instruments.
for example, suggested that provision be
made on the navigation bridge of ves~
sels for convenient mounts or rests on
which 0D's may place their glasses when
using them. Similaerly, all lookouts

should be provided with mounts or rests.

It must be emphasized that those in use

at present are not entirely satisfac-

tory. éhe superlor performance ob-
tained with the Eastmen Kodak Anti-
Vibration Mount which is not, in its
present form, entirely satisfactory,
indicates that research directed at the
design of a simple and efficient vibra-
tion-reducing mount would lead to
greatly improved performence, espec-
1ally for high-powered instruments.

(4) Fixed focuses are accepteble. Although
any focus arbitrarily selected will
hendicap the performence of some observ-
ers, 1if takek at the averasge of the
populetion, 1t should simplify the
observerts problem,’and consequently
enhance group performance.

(5) Head rests ars acceptable, 1if properly
designed. They will lead to little or
no changes 1in performance.

(6) A hand-held binoculer must be light,
easy to handle, and of the highest
power and largest field feasible. The
10x50x7° binoculer fits these specifi-

It is, (7)

cetions in & menner entirely satisfge-

tory. It is urged that it replace the

7x50x7° as the standard instrument-- a

recommendation well founded in the syp-

stantially sdperior Performance showp
by 1t under most circumstances,

Instruments which are designed to be

used only as mounted instruments shoulg

be of the highest power possible con~
sistent with & large exit pupil and
large field. On the basis of the datae,
which did not reach diminishing retumns
in magnificaetion, the ideal instrument
would seem to be a 20x120x%.5° binosu-
lar, if such can be produced. A still
higher power might have been recom-
mended had there been the opportunity
to test higher magnifications, for ex~
ample, the Japanese 30x180x2.2° instru-
ment. It is believed, however, that
the field size sets & practical 1limita-
tion on the magnification that can be
utilized.

(8) Any instrument used exclusively for
search should have a fleld at least 7°
in width., Lerger fields might have an
adventage 1n search for aircraft. On
this point, we have no date, although
1t was desired to obtein them.

(9) In most instances where the rield
tests cover problems also studied in
the laboretory, the leboratory results
have been verified, It should be noted

that, in the field differences between

instruments are generally not so great

&s those found in the laboratory.

Those instances where field results

fail to verify leboratory results,

o RESTRICTED
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e.g., in the case ol the effect of
vibretion on instruments of high mag-

nification, show that laboratory re-

RESULTS, PART 111,

General:

The field experiments which have been
reported upon were designed to yileld
statistically sound results on the differ-
ences in performance of binoculars and
telescopes; these results have been re-
ported upon in Part IX, However, the
experiment provided the opportunity to ob-
tain date on many other problems as well,
and the results on such subordinate prob-
lems are presented in Part III.

Such incidental analyses provide the
opportunity to sbtain new data of interest
on su¢h problems as the selection and var-
iability of lookouts, the effects of train-
ing, and on the effects of wind and similar
variables upon performsnce, Iaboratory
data on such problems as the visibility of
targets, meteorologzical visibility, etc.,
can be re-evaluated.

In general, the secondary problems
fall into two classes:

(e) Those relating to visibility and alliled
problems.

(v) Those relating to individual differ-
ences among subjects.

Datsa are availadle in both classifica-
tions but in no case are they as complete
or have they been as completely anslyzed
as one would wish, Time and personnel
have not been available to carry the trest-

ment as far as it could have been; statis-
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sults must always be tested in the

field.

SECONDARY ANALYSES
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tical treatment of the data obtalned on
them has awaited completion of the basic
calculations.
Difficulties: There are many lnherent, and
some extraneous, difficulties in making such
analyses. The experiment was designed for
one purpose:; to evaluete optical instru-
ments. As & consequence, the data treated
in subordinate anelyses are, in some cases,
scanty and incomplete with respect to many
variables. For some purposes, they are not
smenable to analysis directly, tut require
considerable preliminary work. Meny analyses

have had to be performed concurrently, with .
the not infrequent outcome that the results

of one analysis show that another has been

inadequete, and must be reperformed. Sev-
eral analyses have proven abortive for this
reason and have been discarded; others are
by no means complete.

The extraneous difficulties have arisen
from the shortness of time, and the scarcity
of skilled and permanently assigned per-
sonnel. The work performed has required
time-consuming copylng, recopying, checking
aend rechecking, and it has been interrupted

several times for retrsining of statistical

personnel.
Therefore, the results of the secondary

analyses must be considered, in large paert,
preliminary and only suggestive of what a

final analysis of these same data would
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yield.

Methods: 1In view of the many difficulties,
certain policies were established with re-
spect to treatment of the date in order to
get maximum results in the shortest time.
1. In almost all subordinate results,
analysis 1s restricted to the data on only
one discriminetion: the report of 100% fre-
quency of Seelng, on Target 3 (the radar
screen) Ior tke nigﬁ% observations, and

the rerort of 100 frequency of Seeing

on Target 8 (the flsgzole) for the day ob-
servetions. The selection of these -dis-
criminations was predicated on the supposi-
tion that they were representative of data
on all targets: This supposition is justi-
fied by the results presented under Criteria
of Seeing. Treatment is further restricted
to the data obtained with the standara
7x50x70 binocular. These restrictions re-
duce the amount of work to a small fraction
of that which is actually necessary, but at
the expense of statistical reliability and
completeness, in many cases. A thorough
analysis, utilizing data on all targets

end all instruments, was out of the question
because of shortege of time and personnel,
2. Both absolute and log range values
were used in subordinate analyses, with

the greater stress being placed on the
logerithmic values. Treatment of logarithmic
values was preferred not only sincé they
better represent the date obtained under
all conditions of visibility, but also
since they are more eesily handled mathemat-
icelly and provide for simple methods of
applying corrections. The choice of using

logarithmic or arithmetic values has, in
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some cases, been based on convenience, op
on the sequence in which the work was rer-
formed.

3. The staetistical treatment, however, ig
limited not only with respect to the numbey
of items accorded & uniform treatment, wut
also in the variety of treatments which
have been applied. In planning the statig-
tical work, the procedures best suited to
the particular set of date under considera-
tion were followed, often tc the exclusion
of performing uniform operatioas on several
somewhat dissimilar sets. The course yield-
ing the most meaningful results most rapidly
was selected,

4. where 1t has been deemed necessary,
corrections have been applied to the data,
Thus, in order to make possible, for cer-
tain purposes, combinations of data obtained
on the gun deck at night with data obtained
on the signal bridge, a constant log value
derived from the data has been added to all
log ranges obtained on the gun deck. Sim-
ilar corrections have been, for some
analyses, applied for visibility. Such
corrections have been indicated wherever
they have been epplied.

Because of the limited scope of the
Present analyses, there remeins e body of
deta well suited to provide definitive
énswers to meny problems of visibility end
the use of optical equipment. It is not
impossible that, at some
ther analysis of them will be made; the
results of the analyses herein presented,
which are essentlally a series of first
approximations, indicate that such further

W¥ork is desirable.
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VISIBILITY AND RANGE

The most important secondary analysis
vhich cen be maede of the data obteined in
this experiment relates to the visibility
of fixed targets. A substantial body of
deta has existed for some time from which
theoretical average ranges et which tergets
may be detected may be computed. Only
recently, an embitious experimsntal progrem
vas completed which was designed to estab-
1ish the relationships existing between
visibility and target size, terget con-
trast, and background brightness, which
are without question the most important of
the variables determining the range at which
a terget may be detected. On the basis of
this program, which wes performed at the
Piffeny Foundation by NDRC Section 16.3, a
set of nomographs has been published
vhich purports to predict the range at which
targets of given characteristics mey be
detected under various conditions of visi-
bility end sky brightness. These nomographs
have not yet been tested under service con-
ditions with respect to their validirty.

The date which have been obtained in
the present experiment are well-suited to
the validation of such nomographs. Targets
varying in contrast and size have been
sighted under wide varietions in visibility,
and the ranges recorded. Data on the rele-
vant variables entering into the laboratory
results ere either directly available or
may be easily computed. A target-by-target,
night-by-night, and dey-by-day arelysis
should lead to the productioa of results
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which should unequivocally verify or fail
to verify meny of the predictions based
upon laboratory deta.

In this report, data on a single dis-
crimination under night observation condi-
tions, and on three discriminations under
day conditions, are treated. The discrimi-
nation selected for analysis of night ob-
servations was 3-100, for this was repre-
sentative, and the data on it were most
complete. Distriminations 7-G, 8-100, and
D-PI were those selected for day treatment.
All results considered in the present
treatment were obtained with the 7x50x7°
binocular.

Night Results: ‘

Terget and Course Differences: Target 3 is
the rader screen, a wire screening, painted
orange, and affixed to a complex wooden

freme constructed of 2x4!'s of over-all dimen-
sions 16' x 16'. This target acted as &
filter as well as a reflecting surface in
thet it not only reduced the brightness of
the sky seen through it but also acted es &
reflecting surface, so that it was necessery
to measure its "transmission-reflectance”
rather than its reflectance elone. Course
210 T was normal to the face of this target,
so that a square wes presented to the ob-
sepvers, and & minimuz
framevwork could be seen. Its "transmission-
reflectance," measured with a Macbeth Illum-
inometer on a bright overcast day, wes .555.
since it wes painted orange this vealue

should be somewhat lower at night, owing
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to the Purkinje shift. It was not possible
to obtain apy measurements at night.

From course 065 T, the approach 1s not
normel to the plane of the 16' x 16' square,
and & rectangle of the proportion 16 x 13
1s presented to the observer. At the same
time, the structure of the target--1ts cross-
braces and angular planes--is revesled, so
that the "transmission-reflectance" of the
target 1is decreased, and its contrast en-
hanced. The net effect of these two shifts,
which act to counterbalance each other, may
be close to zero, so that the ranges obtained
Lrom one course may be expected to average
close to those obtained on the other.

Fundamentslly, there was little differ-
ence between courses 055 T and 065 T; the

shift between the two was made because of
the sppeara?ce of a distracting light on
the former course. There did exist, how-
ever, one préviously mentioned difference
between these two courses and course 210 7,
In the former courses, the fort always

appeared against a cleap sky-sea horizon.

On the latter, it appeared against a land
background, 5.5 sea miles beyond the fort.
Oving to the nature of Target 3-100, this

did not affect contrast measurements, and

calculations show it should have no effect
on ranges obtained.

Taeble B-41 gives the mean 7x50x7° ranges
for 3-100 for all three courses, 210 7, 055 ¢
and 065 T, fhe difference on observations
from the signal bridge between the two
eourses is close to .01 1o0g units, ang, for
the Present, results from both courses will

be treated together,

The difference found between the two
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courses on the gun deck data is somewhs t

greater, and 1t 1s not yet accounted fop
. >

but must be reserved for treatment ag a

later date.*

TABLE B-41

MEAN LOG RANGES, BY COURSE,
NIGHT OBSERVATIONS

T ——
September
Observations N Mean 8. D,
Course 2107 22 3.0 0.10
Course 055 17 3.4%20 0.22
Oct., Nov.,
Dec. Obser- Signal
vations Bridge Gun Deck
N Meen S.D. Meean §.D.
Course 2107 62 3.446 o0.19 3.31 0.4
Course 0657 60 3.459 0.19 3.%0 0.16

—_—
* In nearly all secondery analyses, the data
Obtained at night on the gun deck are not
8ccorded the full treatment given the signal
bridge data, nor is g rigorous attempt made
Lo account for the occasionally anomolous
results obtained there. The reasoas for

thus welghting the results for the signal
bridge are four:

(1) mhe most experienced observerg were al-
most always assigned to the signal bridge
Sections, and new observers to the gun deck,
since the most important comparisons among

instruments were carried out at the former
level,

(2) It 1s probabie that the evident secondary
1mpOftance of the gun deck comparisons re-
flected 1tself in Iower motivation of ob-
servers there.

(3) The 6-men sections on the signal bridge
seldom, if ever, repeated observations with
the 7x50x7° bindecuiaw on any one night of
observations. 0On the other hand, men of
the 3-men Sections of the gun deck fre-
quently did so, Consequently, the signal
bridge data constitute s better sample of
the nerformance of a large population.

(4) It has not yet been possible to analyze

for the effect, if any, of the lower helght
of eye.
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Mean and Medlan Renges, 7x50x7° EH Binocular
Night Data: TParget 3-100:
(1) Total number of observations:

(a) Of the total of 179 runs, 12 were
made at 17 knots, rather than at the
standard 9, end consequently are not
included 1n the analysis,

(b) On 116 runs, observations were made
simultaneously from the signal bridge
and the gun deck.

On 102 of these, sightings were made
from both levels,

On %, sightings were made from the
signal bridge but not the gun deck,
on 7, sighting; were made from the
gun deck but not the signel bridge.
On 3, no one sighted the target.

(c) On 46 runs, observations were made
from the signal bridge only. Sight-

. Ing was made on all of these.

(d) On 5 runs, observations were made
from the gun deck only. Sighting
was made on all of these,

(2) statistical Treatment

The data obtained on the signal bridge
and gun deck are treated separately since
the results show a highly significant dif-

ference between them.

Both the absolute ranges and log ranges
have been investigated, and means, standard
deviations, medians, quartile deviations, and
Pearson product moment "r"'s between gun deck
and signe) bridgo ranges have been computed.
These have been calculated and are presented
ROt only for the population on which sight-
ings are complete, but also on the incom-
Plete sightings, when the minimum renge to

¥hich the observation vessel approsched the
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targets 1s used as a £111-in value. This last
is a necessary procedure since failure to take
such incomplete runs into account discards

some of the most significant data--that ob-

tained under the poorest visibility condi-
tions. The minimum range glves an estimate of
the missing values, vhich are necessarily too
8reat, but are adequete for present purposes,
(3) Results:

The resul%s of & run-by-run analysis are

presented in Tables B-42 and B-43.

(1) fThe distributions are logarithmic,
This is reflected not only in the close
agreement between the medians end meens of
the logerithmic diétribution but also in

the coefficients of correlation obtained
between the logarithmic values of simultan-

eously obtained ranges, which are higher then

those between absolute ranges.
(2) The variebility of performance is great.

(3) There is a substantial ‘difference between

the ranges obtained from the signal bridge,

and those obtalned from the gun deck.

Ranges from the gun deck are only 75-80% .

as great as those obteined under the same

conditions from the higher position.

(%) The correlation between ranges obtalned

on the signal bridge and gun deck offers one

measure of the contribution of visibility

and other lesser run-variables to the per-

formance, as opposed to the contribution

made by individual differences and chance,

or other variability. Accepting .595 as

the best estimate of this correlation, a

coefficlent of allenation of .804 and a

"percentage of casual factors measured" of

35.4% are obtalned. Many factors other

than visibility evidently play a pert in .
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to the Purkinje shift. It was not possible
to obtain any measurements at night.

From course 065 T, the approach is not
normal to the plane of the 16! x 16' square,
end e rectangle of the proportion 16 x 13
is presented to the observer. At the same
time, the structure of the target--its cross-
braces and angular planes--is reveeled, so
that the "trensmission-reflectance" of the
terget is decreased, and its contrast en-
hanced. The net effect of these two shifts,
which act to counterbalance each other, may
be close to zero, so that the ranges obtained
from one course maey be expected to average
close to those obtained on the other.

Fundementelly, there was little differ-
ence between courses 055 T and 065 T; the
shift between the two was made because of
the appearapce of a distracting 1light on
the former course. There did exist, how-
ever, one préviously mentioned difference
between these two courses and course 210 T,
In the former courses, the fort always
appeared against a clear sky-sea horizon,

On the latter, it appeared against a land

background, 5.5 sea miles beyond the fort,
Owing to the nature of Target 3-100, this

did not affect contrast méasurements, and

calculations show 1t should have no effect
on ranges obtained.

Table B-41 gives the mean 7x50x7° ranges
for 3-100 for all three courses, 210 r, 055 ¢
and 065 T, The difference on observations
from the signal bridge between the tyo
courses 1s close to .01 log units, and, for
the bresent, results from both courses will
be treated together,

The difference found between the two
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courses on the gun deck data ig Somewhg ¢

greater, and it 1s not yet &ccounted rop
. )

but must be reserved for treatment at a

later date.*

TABIE B-41

MEAN LOG RANGES, BY COURSE,
NIGHT OBSERVATIONS

September

Observations N Mean S.D
Course 2107 22 3.410 0.10
Course 0557 17 3.420 0.22

Oct., Nov.,

Dec. Obser- Signal

vations Bridge Gun Deck

N Mean S.D. Mean s.D,

Course 2107 62 3.446 o0.19 3.31 0.1
Course 0657 60  3.459 0.19 3.4%0 0.16

* In nearly all secondary eénalyses, the dats
obtained at night on the gun deck are not

The reasons for

thus welghting the results for the signal
bridge are four:

(1) The most experienced observers were al-
most always assigned to the signal bridge
Sections, and new observers to the gun deck,
since the most important comparisons among

instruments were carried out at the former
level,

(2) It 1s probable that the evident secondary
importance of the gun deck comparisons re-

flected 1tselr 1 lower motivation of ob-
servers there,

(3) The 6-men Sections on the signal bridge
seldom, if ever, repeated chscrvations with
the 7x50x7 binocular on any one night of
Observations. opn the other hand, men of
the 3-men Sections of the gun deck fre-
quently did so, Consequently, the signal
bridge date constitute a better sample of
the performance of a lerge population.

(3) It has not yet been possible to analyze

for the effrect, 1r any, of the lower height
of eye.
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Mean and Medien Ranges, 7x50x7° HH Binocular
Night Date: Target 3-100:
(1) Totel number of observations:

(&) Of the totel of 179 runs, 12 were
made at 17 knots, rather than at the
standerd 9, end consequently are not
included in the analysis,

(b) On 116 runs, observations were made
simultaneously from the signal bridge
and the gun deck.

On 102 of these, sightings were made
from both levels,

On 4, sightings were mede from the
signal bridge but not the gun deck.
on 7, sighting; were made from the
gun deck but not the signal bridge.
On 3, no one sighted the target.

(c) on 46 runs, observations were made

from the signal bridge only. Sight-
. ing wes made on al1l of these.
(d) on 5 runs, observations were made
from the gun deck only. Sighting
wes mede on all of these.
(2) statistical Treatment
The dats obtained on the signal bridge
and gun deck are treated separately since
the results show a highly significaent dif-

ference between them.

Both the absolute ranges and log ranges
have been investigated, and means, standard
deviations, medians, quartile deviations, and
Pearson product moment "r"'s between gun deck

gne r&nges have been computed.
These have been calculated and are presented
ROt only for the population on which sight-
ings are complete, but also on the incom-
Plete sightings, when the minimum renge to

¥hich the observation vessel approached the
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targets 1s used as a f1l11-in value. This last
is & necessary procedure since failure to take
such incomplete runs into account discards
some of the most significant deta--that ob-
tained under the poorest visibillity condi-
tions. The minimum range gives an estimate of
the missing values, which are necessarily too
great, but are adequate for present purposes,
(3) Results:

The results of a run-by-run analysis are
presented in Tables B-42 and B-43.
(1) The distributions are logerithmic.
This is reflected not only in the close
agreement between the medians and means of

the logarithmic distribution but also in

the coefficients of correlation obteined
between the logerithmic values of simultan-

eously obtained ranges, which are higher than
those between absolute ranges.

(2) The variability of performence is great,
(3) There is a substantial difference between
the ranges obtained from the signal bridge,
land vhose obtained from the gun deck.

Ranges from the gun deck are only 75-80%

as great as those obtained under the same
conditions from the higher position.

(4) The correlation between ranges obtained
on the signal bridge and gun deck offers one
measure of the contribution of visibility

and other lesser run-variables to the per-
formance, as opposed to the contribution
mede by indlviduel differences and chance,

or other variability., Accepling .55 as

the best estimate of this correlation, &
coefficlent of allenation of .804% and a
"percentage of casual factors measured” of
35.4% are obtained. Many factors other
than visibility evidently play a part in
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TABLE B-42

SIMULTANEOUS SIGHTINGS: SIGNAL BRIDGE AND

GUN DECK--AVERAGE RANGES IN YARDS

A, Complete (N = 102)

Signsl Bridge Gun Deck

Mean (Yds.) SD (Yds.). Meen (Yds.) SD (vds.)
Absolute
Absolute 3310 13%0 2510 923
N range:
Log 3.42 0.18 3.37 0.15
r - 1
SB-GD © 0.446
Mdn, Qe Mdn. Q*
Log
Absolute 3200 1050 2330 600
Renge:
RENIN 3.5 0.15 3.37 0,11

Tsz-gp = 0.501

Sigrnsl Bridge Gun Deck

Mesn (Yds.) SD (Yds.) Mean (Yds.) 8D (¥ds.)
Abscluse
Adsolute 3110 1320 2500 930
rergs:
A 3.3% 0.12 3.35 0.16
Tsy = (0.520
Marn. Q* Mdn. Q* =6
iog
Absclute 2730 1020 2200 615
. Renge:
PR 3.5 0.16 3.3% 0.1

?s5—gp = 0.3

-Cf Tinges are cozruted for essh terg:

RESULTS, PART III

TABIE B-43

ALL SIGHTINGS--SIGNAL BRIDGE AND GUN DECK

A. Signel Bridge Sightings

(a) Complete (N « 152) Absolute
Log
(b) Including Interpola-
tions (N = 162) Absolute
Log
B Gun Deck Sightings
(a) Complete (N = 11k) Absolute
Log
(b)  Including Interpola-
tions (N = 121) Absolute
Log

Mean SD Median Q
3120 1270 2770 900
3.46 0.18 3.45 0.14
3020 1290 2770 900
3.44 0.19 3.45 0.14
Mean SD Median Q
2450 $20 2200 640
3.36 0.16 3.34 0.12
2390 930 2200 640
3.35 0.16 3.3% 0.12

0.16 log units is & uniform velue for the
variability of observation under the variety
of visibility conditions encountered in both
day and night runs. Thus, two-thirds of
the observations fall between approximetely
69% and 145% of the mean.
2. No relisble differencesexist among Ob-
servations mede at the various observation
POsts  In this respect, the data obtained
by day differ from those obtained at night.
3. With data on only 12 runs, it is not pos-
3ible to evaluate the coniribution of visi-
bi2ity by means of correlating simultaneous
Observations.
Visibility Analysis:

Weather contributes to the data ob-
tained and to ita variability in four dif-

ferent ways: by meteorological visibility,

PECTRICTED .

wind, sky brightness, end by sea condition
(including cloud coverage). An extensive
analysis of the date with respect to the
first was possible, and 8 less extensive
analysis with respect to the second. Sky
brightness measurements have received a
minimum of treatment eand no attempt has
yet been made to check data on cloud cover-
age. On sea condition a&s & variable, no
treatment w&s undertaken, since the sea
wvas almost never sufficiently rough to
produce appreciable roll and pitch,
Meteorologlicsl visibility is important
in still another way than that which has
already been discussed: on the night of
5 October 1945, visibility was unlimited,
and a number of lights not previously seen

were evident. AS a consequence, some of
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the personnel associated with the project TABLE B-44 g
raised the question of vhether these MEAN LOG RANGES FOR THREE CLASSES OF -
R .
lights invalidated our results. A psnel VISIBILITY AS DETERMINED BY THE ADD 40 ADD .20
of OSRD and staff personnel, familiar with QUARTSRMASTER'S RECORDS B T(ID_OSGIG‘R%*;IC?EGE TOLOSC]:?G.RBAT‘J(?EG.E
the experiment in all its phases, considered .
these 1lights not a serious problem, but 3,501 0 ©
emphesized the importance of checking the Visibility Class Mean 8. D
results according to visibility, since 0-5 mil 48 -
- es 3.
anomolous results oa nights of good visi- . 5
6-9 miles 3.42 0.18 w
bility might be attributed to such lights. e o
10 miles or more 3.49 0.18 3401
Anslysis of the sets run on these nights ) =z
2
showed no anomolous results with respect The reliability of observations was extremely ) v
y 1
to the verformance of the binoczulars. low, and the disagreements between the two w ADD .30 ]
In the original outline of the experi- estimates were discouraging. After careful 2330 - TO GUT\-I DECK
ment provision wes rcade for accurate and cross-check, the runs were classified, oa é LOG RANGE O - OBT,
onn IR T b T 1 BTAINED VALUES, CORREGTED
3 3 Q recent of rmeteorologicel the basis of the quartermaster's regports
rtstbitiey. Eowerem, the o1 o ) s o - v - OBTAINED VALUES, TO BE CORRECTED
lity. , the rlans were dropred into three classes: 0-5, 6-9, and 10-plus o =
following the advice of Dr. P. 0. Hulbert - SRS e =R ATUES
T Dr. P. 0. Hulbert, miles visibilicy. Teble B-44 gives the meen 3.20 v
.
of the Naval Research Laboratory. Ia his log ranges of 3-100 for these three clesses. ‘ NO OBSERV,
xperis t *-
experience, such rmeasurements, especially This anslysis indicates that the quar GUN R ATIONS ON GUN DECK
b . - ® - CORRECTED VALY
when made at night, do not yield results termaster's efforts were misleading, end 0G RA TERD Y .ES
sufficientl, S gr LOG Al
nely reliable to warrant the great entirely inadequete to provide a besis for 310 i L] dd d A 4 "
expenditure of tirce and effort regquired to ' l l : l ) ' : l l
e analysis. 310 3.20 330 340 350 360
o A ssgcond analysis was made on the basls =
Original Ansalysis, Night Observetions: of the starting range of each run The Lo¢ RANGE SlenaL PRIDGE
b2 C! 5
Accordingly, it was d d 2 the
) kt ecided to 2mploy the ship's officers had been instructed to scart
usual quarterpaster's rat s of b l O
. . ing visibilivy, at greater ranges on clear nights than on SGATTER o
and ore member of the bridge cre -
1 dge sxov vas as e ot o e PLOT OF MEDIAN 7X50X7 °H.H.LOG RANGES
signed to record, thre bt 3
gh i e times during a instrucvion was carried out. However FOR EAGH OPERATI NG NIGHT
nigkt's runs, and on a rent chsng ,
o v *b”*t; . axy apre casnge enalysis based on these was frujtless for '
risibils the range and tit
: , whe range end ideasizy of R, WITH CORREGTION FAGTORS INDICATED
the most distant light 1 The -
) gt visible. These re the skill and mood of the OD, arnd the yower!
sults, it wvas anticipated, could be chacked of the instruments being tested, also deiel
< s eLels
agsinst end correlated with quasrterrasters! mined them ’ ’
entries in the shipts log. .
ool . S A third abortive analysis was based ugod
Hosults of Origirsel Arslysis: Much
o tize and mean absolute ranges from the various 32tS,
SLLort were exgerded in an attempt to obrain
e o N * .
uisrul dats from these resords of visibility. nigﬁfgzgrsggﬁipﬁgn?ﬁggsuﬁggi ﬁggien e Ftant it
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but this, too, ylelded uninterpretabls re-
sults, since the various runs of a single

|}y set were often made under widely varying

visibility.
Final Anelysis: The mode of analysis for
H visibllity which proved most satisfactory
JL derlves from the data themselves, and is
| based upon inference from the high correla-
tlon between log ranges obtalned on the
signal bridge and gun deck. The 7x50x7°
HH night data on discrimination 3-100 are
employed.
Method: Since the visibllity, on any one
night, remained relatively constant, except
over the last one or two runs on & very few
nights, analysis 1s made in terms of date.

TABLE B-45

AVERAGE LOG RANGE (YARDS) OF TARGET
3-100, BY DATE AND OBSERVATION 1EVEL

SIGN@L BRIDGE GUN DECK
Date Mean Medlan Meen Median
September 4 3.52 3.51
5 3.35 3.4
6 3.36 3.33
7 3.37 3.38
12 3.53 3.55
13 3.37 3.39
October % 3.64 3.65 3.35 3.39
5 3.41 3.35 3.35 3.36
7 3.50 3.50 3.3%  3.33
8 3.29 3.27 3.21 3.21
9 3.57 3.62 3.51L  3.44
10 3.56 3.59 3.46 3.51
11 3.53 3.97 3.40 3,13
November 1 3.58 3.59 3.46 3.45
2 3.24 3.22 3.19 3.17
5 3.52 3.51 3.42  3.%0
8 3.35 3.38 3.31 3.28
9 3.50 3.47 3.38 3.3
26 3.62 3.64 3.38  3.37
27 3.68 3.69 3.50 3.52
December 8 3.27 3.27 3.26 .21
9 3.22 3.18 3.21 3.16
€2 = 0.455 €2 = 0.396
P < 0,01 P < 0.01
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TABLE B-46

€2 ANALYSTS OF -7x50x7° LOG RANGES,
BY COURSE AND DATE
(NIGHT OBSERVATIONS ONLY)

Observation 2
Position Course € P
2107

065T

0.561 Less than 0.01
0.481
0.455
0.443
0.527
0.356

Signal Bridge

Signel Bridge 0.01

Signal Bridge Both 0.00

Gun Deck 2107 0.01

Gun Deck 0657 0.0

Gun Deck Both 0.01

The values of 62 indicate that significant
differences appear in performance from night
to night. Note that lumping dete from the
two courses together depresses the values of
€ 2, indicating the effect of an additional

source of variability.

For each night, the medlan and mean range
for the standard discrimination was deter-
mined for both the signel bridge and gun
deck. A scatter plot of median signal bridge
range vs. gun deck range for each nigh® was
then made.
Results: fThe median and mean* values for
both signal bridge and gun deck are given in
Table B-45, and the two scatters are jre-
sented in FPigs. B-33 and B-34. Vaitues of
€2 (Table B-46) wsre computed from the
mean values and found highly significant

Straight lines, described by equations

* The msans include the hypothetical values
based upon end-of-run ranges where obseIVers

- GUN DECK

MEAN LOG RANGE

- 3.60

350

3.40

3.30

3.20}

3.10

¢ - NO OBSERVATIONS ON
GUN DECK

oee ) ; S¢ L L

3.20

SCATTER PLOT OF MEAN 7X50X7 °HH.LOG RANGES

|
3.50 3.60 3.70

SIGNAL BRIDGE

1 i
3.30 340
MEAN LOG RANGE -

FOR EACH OPERATING NIGHT

falled to seethe target at all, This is
necessary here, since failure to include 3uc
approximate values would eliminate all date
obtalned under very poor visibility.

RFSTT ICTED
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Figure B-34.
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(2) and (b), vers fitted to the scatter
Plots by the method of least squares,

(a) (means) log Ryp = -60 log R + 1.30

SB

(b) (mediens)log EGD .62 log Rqp + 1.20

In these equations Ryp @nd Rgp are ranges
from gun deck and signal bridge, respec-
tively.

In interpreting these data, it must be
emphasized that meteorological visibility
is only one of the factors establishing the
values obtained. Individual differences in
observers also play a part, since only a
fev observers are included in any one night,
and successive dates have no observers
in common., This is evidenced by the fact
that the night of October 5, when visibility
was decidedly unlimited, falls into a middle
category. However, there was no alternative
to employing this analysis until the data
can be more extensively treated.

From Fig. B-33, it is evident that median
ranges vary considerably from night to night.
from & minimum of 3,08 to 3.68, on the sig-
nal bridge, and from 3.12 to 3.52 on the
8gun deck. The .60 1.u. range found on the
signal bridge represents a spread of 4,1
in the median rénge for the same target.

Correction Factors: For meny analyses

‘it was necessary to attempt to eliminate

the effect of visibility changes on the
absolute ranges obtained with the 7x50x7° HH
binocular, by developing correction factors,
Such factors wepe needed so that dgig under
several different visibility conditions

could be treated together. Since mean values

¥ere not available when correction factoprs

were first found necessary, median values
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were employed. These correction factops
were made by date and by observation level
according to the markings on the scatter
Plot of Fig. B-33, and provide Fixed log
unit values which are added to each separate
renge according to date and observation
level; they serve to yield the results which
might have been obtained if ajl our dats
had been obtained under conditions of goog
visibility., That they were at least in
rart effective is indicated by the reduced
variability in the mean log ranges given

in the section on position effects, where
they were necessarily empioyed. fThe effect
of the correction is to reduce the standarg
deviation from approximately .16 log units
to .10 log units, which is approximately the
size of the standard deviation of a single
night's observations. )
Meteorological Visibility: Day Runs:

The small number of days and runs
occurring in the day observations reduce
sharply the variety of analyses which may
be made. Moreover, the visibility conditions
under vhich the observations were made did
not vary exceedingly, but were relative
homogeneous.

The logarithmic ranges of three targets
vere selected for treatment and € 2 and.Ece*
calculated for correlation of ranges with
Tuns and with days. High and statistically
significant values of € c2 will be associated
vith variations in visibility from run to
Tun, and day to day. Where meteorological

visibility rlays a limited role, the varia-

[e—
* The correction is for the use of broad

categories, and is necessary where only &
fev categories of one variable are used
(here 5 fop days and 13 for runs).
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TABLE B-47

E%:ANAIXSIS OF DIFFERENCES BETWEEN MEAN RANGES, RUNS, AND DAYS, FOR THREE

L]
RESULTS, PART IIT
I

DISCRIMINATIONS
Discrimina- Discrimina-
tion 7-G Level of Discrimina- Level of tion D-PI Level of
(4x4 Biack Significance tion 8-100 Significance (Acuity Significance
Drum) (%) (Flagpole) (%) Target) (%)
Mean Log Renge  %4.12 4,08 © 3.4
Eac-Runs 0.796 1 0.343 1 0.177 >5
E2 -Days Q.594 1 0.261 1 0.233 1
) \
TABLE B-48 biliéy vill not be associated with runs so

2
much &s with individuals, and the €c“ values

MEAN LOG RANGES FOR EACH RUN OF EACH
OF THREE DISCRIMINATTIONS,
DAY OBSERVATIONS

will approach zero.
The results are-given in Table B-47.

Visibiliity clearly varies systematically

Discrim- Discrim- Discrim-

inati ination ination from day te day and run to run, and its
nation

Batq Fun e 8-100 D-F1 effect varies as the mean log range of the tar-
’ M i M get on which it is evaluated. Discriminations
/20 1 4.12 4.2 3.6 vhich can be made only at 3,000 yards are less
e 4.29 k.22 3.21 affected by changes in visibility than are
3 4.29 k.01 3-55 discriminations made at 12,000 yards. This
11/23 1 3.94 k.01 3.44 is in keeping with the exponential nature of
2 k.06 k.05 3.53 the visibility function.
3 A1 3.88% 3.k An estimate of the megnitude of the
12/8 1 k.20 k.15 3.25 effect may be obtained from Table B-48
2 %.09 k.05 3.45 which gives the mean log ranges of the
12/13 1 ka5 k.20 3.46 three discriminations for each of 12 runs.
2 4.17 4,18 3.53 It is interesting to compute the visual
3 4.10 4.15 3.61 angle subtended by the interspace of Target
12/15 1 3.94 3.92 3.62 D, the orientation of which has to be called

correctly. At 3,090 yards, viewed through

*This mean is depressed by one extremely a seven-power glass, this target subtends

low vaiue. an angle of 1.3 minutes, and a visual

(& thirteenth run vas not included because acuity value of .77 is obtained.

"
SPY Ehres on obServed and data ercinos Analysis in Terms of /3, the Coefficient

sufficient for computetion of means. All of Atmospheric Attemuation

other values represent four observations.) It has been shown that some system-
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stic factor which varies from observation ponding to & daylight visual range of TABLE B-lg
, a
;l night to observation night, end from day approximately 37hse miles, which is a max- CALGULATION OF /3 FROM DISCRIMINATION 3-100 RANGES
y! to day, determines in large part the numer- imum value for the operating area. (USING TIFFANY FOUNDATION DATA AND FORMULA C = Ce x)
: jcal values of the ranges obtained. This Assumption III - That, by employing the ob- MAGNIFICATION - TX x °
factor is presumed to be the meteorological served range, X, cx of Target 3 may be cal-
visibility. Although the records kept by culated from the experimental results** pe. A. COURSE 2107 Contrast 0.405; average log range in yards, 3.446; maximum average
the quartermasters failed to estaovlish the lating log liminal contrast to log visual log range in yards for any night, 3.68.
fact, it was clear to all observers that angle, with background brightness equal to Range Tan Log Log v .
on some nights, visiblility was unlimited, 107 mi1l11emberts (5.00 logumul). (sea Miles) Log Range (min) ©Ox ¢y p (sea Miles) westher
and lights as distant as 30-40 miles could Then, C_ of the target may be calcu- -300 5-000 8.5721(-10)2.161 2.98 .096 3.27 1-2 Miles Thin fog-haze
be identified, and on others, the visibility lated, and & curve relating 8 to the visual 630 R 8.4121 2.061 1.05 .112 2.3 1-2 " Thin fog-haze
was 'so reduced that such nearby land as Plum renge of Target 3-100 mey be drawn. The .830 3.220 8.3521 1.941 1.1% .138 1.52 2-3 M Haze-light haze
Islend was not visible end that the fort 1f- velue of C, so derived must be close to 1.000 3.301 8.2712 1.860 1.21 .162 1.11 3-4 " Light haze
self could not be detected at renges as but greater (becsuse of the Purkinje 1.396 3.446 8.1261 1.715 1.34 .219 .578 6-7 " Light haze-clear
small as 5,000 yards. so that operations were phenomenon) than that calculated from the ey 3.477 8. 0950 1.68% 1.37 .23 ko1 8 " LECLE:
necessarily suspended. transmission-reflectance of Target 3, as Lo SR S:graL 1.661 T.k0 .251 .423 9-10 "  Cleer
Data obtained under such a wide varlety measured in daylight, which is .40,. The 2,000 3.602 7.9700 1.559 T1.51 .324 .207 18-20 " Very clear
of visibility conditions make possible anely- curve relating (b to range must be such s 2.395 3.680 7.8921 1.481 1.59 .389 .096 38 miles Exc. clear
sis of the data on Target 3-100 in terms of to yield & value of ﬁ corresponding to‘ 23 2.500 3.699 7.8731 1.462 1.62 .417 .06% 4o-70 " Exc. clear
Beta, the coefficient of atmospheric extinc- miles daylight visual range for the minimum 2,752 3.741 7.8215 1.410 T.69 .490 .000 - Vacuum
tion,
bi :ad:fouded Sextethiespitoltigesuptiont ‘:‘::: zzh zanj:d°:zi‘e‘::°:zianyt:n:n°:i:::a; B. COURSE 0657 Contrast, 0.575; averige log renge in yards, 3.459.
U v da;li-gh e ran“: . avei .500 3.000 8.5271 2.116 i.01 .102 3.46 1-2 miles Thin fog-heze
aetlize onias rvo vangs spbines thoos hmg,~ o .630 3.100 8.4271 2.016 i.08 .120 2,48 1-2 " Thin fog-haze
Numntion s N m,,a;1 : i;m Eber .830 3.220 8.3071 1.896 i.ls .151 1.61 2-3 " Haze-light haze
P —— ot renges *o; o aty;u mﬂ ‘1“: “:m N 1.000 3.301 8.2261 1.815 i.es .178 1.18 3-4 Light haze
Cx = 0o e’—px in our *o; + , Showid s 1.439 3.459 8.0681 1.657 1.4 .250 .578 6-7 " Light haze-clear
total distribution of ranges requir- 1.500 3.477 8.0500 1.639 I1.42 .263 .521T7-8 * Clear
Where C, 1s the contrest of a target at range x ing & value B =0, or less. 1.580 3.500 8.0271 1.616 1.45 .282 .452 8-9 " Clear
Co, 1s the contrast of a target at range o Table B-49 gives the computations enter- 2.000 3.602 7.9250 1.51% 1.56 .363 .230 16-18" Very cleer
€ 1is the base of the natural logarithm ing into the derivation of C,, and Fig. B-35 2.395 3.680 7.8471 1.436 .66 .457 .096 38 Exc. clear
P 1is the coefficient of atmospheric the curve relating f3 to the range for dis- I 2,500 3.699 7.8281 1.417 1 68 .479 .O74 4o-70" Exc. clear
extinction ¢rimination 3-100. These results, elthough ' 2.820 3.751 7.7765 1.360 1.76 .575 .000 = Vacuum
x 1s the range, in sea miles they represent only an approximation, erc in
1 equally velid on a moonless night as by ¥ Both courses. Date on both courses were accord with the criteria which have been set of substantial utility in visibility.
S giegqgeggﬁigeoglggg.smallness of the saipis up. They indicate that the present results Analysis, Dete on Course 065 T:
Assumption II - On the night Yielding the ;;ai‘}ics\;ﬁ gﬁnﬁog Liminel Contrast", N | &re in reasonable agrcement with laboratory If ono additional assumption is made,
highest average mean log range*, the value \ilisj.bilit{r o) i‘al';;gz;‘fltoﬁ{nsgggi::dogr;c;ed_ . data, and should yleld, if the time and ¢, of parget 3 on course 065 T, which, it
of & should closely approximate .10, corres- 1151%1? x?xgeE?ﬁg‘}nfg:gggegggagsigﬂs??ﬁ?°§§f§o. . money are available for this analysis, datae will be remembered, is greater than on ’
’
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course 210 T, may be computed, and an anal-
agous table and graph derived., This assump-
tion is that the value of/3 corresponding to
the average of all observations on course
065 T must be identical wifh that corres-
ponding to the average of all observations
on course 210 T, since runs were alternateéd.
Table B-49 and Fig. B-35 give the resulss
obtained when this assumption is made.

These are in good conformity with the find-
ings, and show that, in all cases, the range
of Turget 3-100 should be slightly greater

on course 065 T,

TABLE B-50

EXTREME RANGES AT WEICH
DISCRIMINATION 3-100 WAS REPORTED

Log Renge, Yards Course (T)
3.70 065
3.70 210
3.7 065
3.7 ’ 210
3.72 065
3.73 210
3.76 065
3.77 065
3.77 065
*3.80 065
*3.85 065
*3.90 210

* Impossible

That this analysis 1s nearly, but not
quite, adequate to the data is indicated by
the contents of Table B-50, which are the

éxtreme ranges at which discrimination
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3-100 was made. Only six of 172 reports
give values requiring/6 to be zero. These
are almost all on course 065 T, and are only
slightly .over the theroetical maximum. It
is suggested that with further analysis of
the data, these extreme values may be

fully accounted for. The anslysis seems
basically sound.

Reliabllity of Independent Evaluations of 3 :

With the results of the graph of
Fig. B-35, it is possible to determine for
each night the value of }3 for the mean
log ranges of the observations on course
210 T, and on course 065 T, and to deter-
mine the reliability of such estimates
from the two independent samples of each of
the 21 nights. The coefficient of correla-
tion obtained from 21 nights (with several
runs determining the average on each course
each night) 1is found to be .56 for signal
bridge data and 52 for the gun deck. While )
these are not high correlations, they are
of the same order of magnitude as that
presented earlier, between gun deck and
signal bridge data on single runs, which
also gives an estimate of the contribution
of visibility to the results. When the
large effect of individual variability is
considered, it is a very satisfactory index
value indeed.

Discussion:

The analysis which has been presented
is based upon many essumptions, and it can
hardly be said that the findings validate
the leboratory results* on visibility in
* e.g., the present results are based on a
7-power binocular; the Tiffany date on

naked-eye cbservations. The field test has
established the 7x50x7° naked-eye range ratio
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full. Clearly, the identical snalysis
should be made for each target, and for
each optical instrument, so that a more re-
liable value of ﬁ may be established for
each night of observation. If many such
evaluations of /3 can be obtained, it should
be possible, on the one hand, to eliminate
visibility as a source of variability in
the data, permitting more satisfactory
secondary analyses, and or the other hand,
to evaluate the performance of each instru-
ment under several conditions of visibillty.
B. Wind:

Wind proved to be & problem on only one
course, 210 T, since the prevailing winds
of the operating areas proved to be southerly.
An enalysis has been made of 7x50x7° ‘HE log
ranges on 25 runs in which the wind exceeded
5 knots, and blew in the faces of the
observers, and 30 runs where the wind veloc-
ity was less than 5 knots, or where its
direction was such thet it did not bother

the observers. The resulcs epe given in

Table B-51.
TABLE B-51
THE EFFECT OF WIND
Number Mean
Wind of Runs Log Range S. D.
None 30 3.43 0.13
Five knots or more 25 3.43 0.18

The wind had no effect on the mean
ranges obtained but, on the othep hend, it

did increase variability. '

—_—
as 2.5, It is aprarent, then, tha

t
threshoids obtained at iirran§ are cggges-
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TABLE B-52
BRIGHTNESS DATA

Mean
(log micro-
micro

lamberts) SD Range

1. Sky Brightness
above fort 5.1 0.20 4.6 - 5.4

2. Sea Brightness

below horizon
at fort b7 0.40 4.1 - 535
Mean log sky/sea ratio 0.%0
Mean sky/sea ratio £.50
Range sky/sea ratio 0 - 8.50

In one instance, the wind had s very
serious effect. On the night of oct. k-5,
the wind was the strongest and most diffi-
cult encountered throughout the exgeriment.
The staff officerts log 1s quoted:

"Wind was very bad on all Constel-
lation Rock runs. It bothered some of
the men to the extent of causing ex-
cessive watering of the eyes and probably
interfering with their observing. The
wind and co0ld were sufficiently punishing
that we couldn't have made any more runs
on that course, and the boys weren't too
happy about maeking the last one."

The block being run on this course on
the date in question was M{(1)D, and when
the data were analyzed, it was evident that
something was very awry with it: two
hiigh-powered instruments behaved extremely
poorly, the 20x120x3° giving a RRP of 120,
and the 10x70x7° one of 102. In view of the
officer's comment(and this was the only in-

stance in vhich such comment was made), and
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the striking anomolous results, the data from
thls block were not included in combined
RRP curves.

¢. Sky Brightness:
No comprehensive analysis of the data

with respect to sky brightnéss and sea
brightness, as measured by the 0'Brien Low
Level Photometer is presented.

Data on brightness as measured over 124
runs by ¢rew members, are summarized in

Table B-52.

The mean values are in good agreement

with those obtained elsewhere, but the sky
brightnesses obtained occasiorally are
greater than those reported for moonless
nights.

The analysis which must ultimately be
performed on the data should relate the visi-
bility of targets to sky brightness and to
the sky-sea brightness ratio, and both of
the latter to meteorological visibility and
¢loud-coverage, on which data are also

available.

" INDIVIDUAL DIFFERENCES

In all, 76 different individnals served,
at one time or another, as observers. The
number of observations made by each varied
widely, as did the visibility conditions
under which observations were made, so that
a large body of comparable data is not yet
available or each man. Consequently, analy-
s8is of the date does not yet permit any ex-
tensive comparison of the results of the
tests given the observers with the RRP de-
rived from field gerformance.

General Characteristics of Observers:
Enlisted Men: The fifteen men of the orig-
inal group of observers were all candidates
for Submarine School, for which they were
vhysically and psychologically qualified
With two exceptions, they had had extensive
3ea experience on surface craft. The re-
maining 49 enlisted men were all experienced
Submarine men. With’the oossible exception
of a few of the older men, all had been
through the rigorous selection program for

Submarine duty.
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The average age of 59 of the 64 enlisted
men was 23.1 years; the average GCT of 50%
of them was 59.7. Almost all the men were
petty officers; their distribution by rate
is given in Table B-53.

The enlisted men, then, constitute a
homogeneous group, superior to the Navy
average in intelligence (as measured by
the GCT), experience, and rating.
Motivation: Although almost every observer
was about to be discharged, they remasined,
as a group, well motivated, but only as a
result of extremely careful handling.
Experience: 42 of the 64 had attended
Lookout School and 40 had stood lookout or
quartermaster watches, 17 had had neither,
and only 6 of these did not get the inten-
sive program of training followeq at the
beginning of the program. This group was
formed into two 3-man sections, b and c,
which made meny observations, and whose

performance could be compared with that of

¥Data was not available on the others.
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TABLE B-53

DISTRIBUTION OF ENLISTED OBSERVERS BY RATE

Rate .
M GM QM SM FC EM MoMM RM RT PhM Tota]

First Class 1 1 1 2 2 1 1 12

Second Class 8 2 4 3 2 6 5 30

Third Class 2 ) 1 5 ) 1 17

S 1/c (qu) '

F l/c 1

Total 64
the others. among the observers with respect to the
Technically Qualified Observers: number of runs on which sach observed.

All 12 technically-qualified observers Difficulty elso arose from the necessary
were skilled in precise visual observations bractice of employing observer-recorder
under laboratory conditions. They were teams. A poor recorder, who feiled to
Professional men, including physiologists, prompt carefully, tended to hendicap the ob-
psychologists, and physicists. Four of the server in his reports. As a consequence, it
five navel officers and a like number of the was very difficult to obtain setisfactory in-
seven civilians were young men in their late dices of performance, rermitting the grading
twenties or early thirties, None had had of the observers with respect to their abil-
extensive gractical experience. ity in the task. -

Results on Test Battery: However, it is possible to éhow that

With a few exceptions, almost all the statistically significant individual dif-

76 observers received the full battery of ferences exist, and an attempt was made to
tests, The results, for the group, are select, by several statistical devices,
given in column 1 of Table B~35, and they those men whose performance tended to be out-
may be compared with the average of large standingly good, and those whose performance
navel populations in column 5 of the same tended to be poor.

table. fThe observers constitute a superior (1) The existence of stable individusl 4if-
group with respect to almost every measure ferences: By use of the 612 technique, it

made.
Criterion of Performance:

In attempting to evaluate the perform-
ance of the Observers, certain difficulties
arose from the varying meteorological

visibility and th. great discrepancies

234

may be shown that there are significant
differences among the mean log ranges made
by the observers. This statistical method
was applied to the 3-100 log ranges after
the corrections ror visibility and obser-

vation post, described earlier, had been
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applied. The value of €2 obtained was
0.41%4, which is significantly greater than
0 &t less then the 1% level of probability.
(2) The selection of superior and inferior
observers: Several different methods of
analysis were employed in separating indi-
viduals of superior and inferior perform-
ance. The results produced by one method
were not necessarily in close agreement
with those of another. As a consequence,
three different methods were used, ané

the final 1lists of "best" and "poorest"
observers were established on the basis of
all three methods. The individual was
placed on the "good" or "poor" list omly
when he was so classified by at least two
of the three methods. These methods were:
Method A: The mean of the mean log ranges
for 73 different individuals, when the
corrections had been applied, was 3.52

log units, with a standard deviation of
.12 log units. Individuals whose mean
ranges fell more than 1 standard deviation
away from the mean, were classifiéd "good"
or "poor" according to the direction.
Method B: Those individuals obtaining,

on any night, 7x50x7° ranges on 3~100
which were .20 log units or more (approxi~
matsly 1.25 S.D.) greater and less than
the median range of the night's runs were
classified "good" and "poor", respectively.
Method G: A set-by-set census of the Latin
Square results on each discrimination (ex-
cluding positive identifications*) on which
* Positive identification data were not con-
sidered since apparent differences among
Observers would be based in part on the
Particular criterion each used in positively
identifying a target, so that consistent dif-

ferences which appeared would be based on
non-visual differences.
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F-values for inter-observer variance were
significant at the 5% and 1% levels were
made. The number of times each man appeared
as best or worse in these squares where
significant differences appeared was enum-
erated, and some men were classed "good"

and "poor" accordingly.

When all three sets of 1lists were com-
pared, 9 observers were classed as "good"
and 13 as "poor",

A third sub-group was also founé. This
group of 4 men must be classed as "variable".
They appeared, in fact, more than once in
both "good" and "poor" lists, This seems
to be & genuine phenomenon; one can observe
the variability in the data themselves.

One man, an observer in set VD, obtained
ranges in the last three runs of the set
only half as great as those obtained in
the first three runs. Approximately three
weeks separated the two groups of three
runs, but this had no effect on the ranges
of the other five observers., It has not
been possible to relate the variability of
these four men to any systematic factor.
Perform;nce and Test Scores:

Columns 2, 3, and 4 of Table B-54
give the mean scores on several of the tests
of the battery by each of the three groups
distinguished, and the number and percentage
of men of each group falling into various
categories on others, together with the
results on the whole group, for purposes
of comparison.

The table yields suggestive results:
the "poor" men and the "good" men dis-
tinguish themselves in phoria measurements,

with the "good" men showing no phoria, and
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the "poor" men a higher incidence of hyper-
phoria and esophoria, and on the RFA test
vhich only one "poor" man failed but on
which the extreordinarily high percentage
of 67% failed to score 10/10 on a first
administretion of the test (tetrachoric

upt . .91), A high percentage (33%) of
the officers and technical observers appear

on the “poor" list.

These results are suggestive only, ang
further work. directed at partialing oyt
the effect of recorder differences ang
visibility, must be performed before fing]
conclusions mey be drawn.

Training:

The results on training await analysis,

Preliminary findings indicate that the meap

ranges of relatively untrained men stavrt gy

TABLE B-54

TEST SCORES AND PERFORMANCES -

OF OBSERVERS
1 "G2 d" "P 3 4] Ilv u
00 oor ariable
All Observers Group Group griu'oe Ge§§§§1
(N = 76) (N =9) (v = 13) (v =) Population
Test or Measure No. M SD No. M No. M Ho. M M sSD
1. Age* (years) 59 23.1 3.3 8 23.0 9 21.6 4y 21.0 - -
2. GCT* (Score) 50 59.7 7.9 6 58.8 8 61.9 ¥ 60.3 50.0 10.0
3. Interpupillary
Distence (mm) 73 64.7 3.0 9 64.5 12 64.6 ¥ 61.3 645 2.5
4. Pupil Diameter (mm) 46 6.9 1.0 6 6.7 9 6.6 4 7.5 7.4 0.8
5. Far Acuity
(Right Eye) 73 1.09 0.17 9 1.07 11 1.10 L} 1.13
6. Far Acuit; 1.05 0.03
(Left Eye 73 1,07 0.16 9 105 11 1.07 i 1.16
7. RCN Adapt. 72 2.45 0.20 9 2.48 12 2.39 ) 2.36 2.4 0.2
*No civilians or officers
included in average.
No. % No. % No. % No. %

No. Maek- Mak-
(to- ing ing

tal) Score Score tal)

No.Mek- Mak- No.Mek- Mek- No.Mak- Mak-
(to- ing ing(to- ing ing(to- ing ing

Ser.8cr.tel) Ser.8cr.tal) Scr. Ser.

1. Hyperphoria present 73 6 8.2 9 0 O 11 2 18 4y 0 0 No
Exophoria present 73 15 20.5 9 0 0 11 1 9 4 o0 o] Data
Esophoris present 73 8 13.7 9 0 O 11 3 27 4y o 0 Availeble

2. RPA Score 10/10 72 45 2.5 9 6 67 12 4 33 3 3 100 60 (app.)
RPA Score 16/20-

19/20 72 24 33.3 9 3 3 12 75 3 o o 30({arp.)
RPA Score 15/20
& Less (Fuil) T2 3 42 90 0 121 8 3 o o 10 (epp.)
236 RESTRICTED
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PABLE B-54 (CONTINUED

Ro.
No. Mak- Mak- No. No %
5 . No. No. .
(to- ing ing  (to- in  in (to- in fn (Igg- I;.Ig 1%

Test or Measure tal)8core Score tal) Grp, Grp, tal) Grp.Grp. tal) Grp.Grp

3. Officers and

Cciviliens 76 12 15.8 9 1 11 13 4 306 4 o o

4, Enlisted Men 76 64 84,2 9 8 89 13 9 69.4 & 4 100

5. L. 0. School 64* 7 10.9 8 1 125 9 1 111 4 1 25

L. 0., or QM

Watch 6% 24 37.5 8 3 39.5 9 4 sk 4 2 59
Both 6% 16 25.0 8 2 25 9 3 333 % o o
Neither 6% 17 26.6 8 2 25 9 1 11.2 4 1 25

* Enlisted men only.

approximately half the means of experienced Special treatment was accorded the re-

groups observing simmltaneously, but that sults on pupll dismeter, since this might

they rapidly (over several runs) ¢limb to be exp(-ct-s:l' to relate to performance with

the average valie. instruments of varying exit pupils.
Srpecial Analysis: Pupil Diamster: The Y45 men whose dark-adagted pupil-

TABLE B-55

MEAN 1OG RANGES (3-100) OBTAINED WITH BINOCULARS VARYING IN
EXIT PUPIL, BY OBSERVERS HAVING VARIOUS DARK-
ADAPTED PUPIL DIAMETERS

Pupil Diameter Number 10x50x7° 10x70x7° 10x80x7°
GROUP in Millimeters  Totel of Men MTD MTD MTD
I 7.51+ 2 a. 5 3.61 3.74 3.78
b. 8 3.60 3.69
II 6.51 - 17 a. 5 3.62 3.66 3.69
7.50 b, 7 3.66 3.71
IIT 5.51 - i a O
6.50 b, 4 3,67 3.77
v 5,50 and less INSUFFICIENT DATA
STRICTED 237
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diameters were measured* were divided into
four groups on the basis of pupil size. The
mean performaence on three mounted binoculars,
10x50x7°, 10x70x7°, and 10x80x7°, of those of
each group who had used them, was calculated
after the correction for visibility had been
made. The results are given in Table B-55.
These data permit no conclusions to be

drawn, It is not at all evident that the

three groups systematically perform different-

*By Dr. I. B. Wagman, of the Johnson
Foundation for Medical Physics.

T ——
1ly.

It 1s unfortunate that time was not
available to permit more thorough analysis op
the data, with extension to other disceriming-
tions from this point of view, since, it wily
be recalled, pupll diameter seemed the only
verieble related to the findings on interac-
tion.

Interaction:

It has not been possible to extend the

findings on interaction to men other than

those of sections A and F.

FINAL DISCUSSION

This report has presented the results
of en ambltious program of field experimen-
tation. These results, with respect to the
basic problem under investigation, are un-
equivocal, yet several secondery problems
remeéin unsolved, either for lack of date,
or for lack of time to evaluate them.
Certain new phenomena appear in the deta
which cell for further investigation. In
any event, certein clear-cut conclusions
with respect to the feasibility and require-
ments for fleld experiments may be drawn
from the experience with this one.

It may be stated that a properly de-
signed and executed field experiment can
produce meaningful and useful data even
on problems where laboratory control is
difficult. To achieve this, however, the
experinment must be planned to produce
results on the specific problems in ques-
tion. Incidental data may be obtained on
problems not Girectly related to that

under investigation, blit they will neces-
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sarily not be so satisfactory as they
would have been had the experiment been
designed to study them.

The advantages of a field experiment
heve been presented in the introduction to
this report. The results of this experi-
ment emphasize the advantages cited, in
that they are practicel and realistic,
have direct application to the problems
posed, and require a minimum of interpre-
tation.

From experience with the present ex-
periment, it is clear that, in meny re-
spects, the technique can be further im-
proved. A larger group working on sta-
tlstics would enable the data to be treated
fully almost concurrently with the execution
of the experiment,'and‘so improve efficiency
in the scheduling of it, and bring to light
phenomena requiring further investigation
as soon as they appeared, permitting study or
control of them to begin immediately.

Again, if such experiments are per-
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formed in the future, very substantial
targets should be provided and consistent
and reliable methods of measuring visi--
pility used, if only in terms of the per-
formence of & small group of men always
using & standard gless. But on the whole,
despite such shortcomings of technique
and the grave difficulties encountered
owing to demobilization, which interfered
greatly with the original plans, the method
employed has been eminently successful.

The results of this study point to
three suggestions for future work: (a) fur-
ther analysis of the present data, (b) spe-
cific phenomena noted in the results
which should be subjected to further study
both in the field and in the laboratory,
and {c) establishment of & permanent field
station where such studies can be under-
taken routinely.

Further Study of the Present Results:

Before further field work on binoculars,
visibility, or other visual variables,
should be undertaken, 1t i1s proposed that
these data, which have only been partly
treated in the report, be subjected to
further intensive analyses, along the fol-
lowing lines:

(1) A complete visibility analysis, on
each discrimination, and all the instruments
should make 1t possible to esteblish the
most probable value of f3 for each night's
ogerations. This analysis should take

into consideration the measured sky-
brightness of each date, and the trans-
mission end contrast rendition of each
binocular.

(2) with visibility values available, the
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date should be corrected throughout to
equate each run with respect to visi-
bility.
(3) The corrected data should then be anal-
yzed for observer-recorder differences,
and & fresh effort made to evaluate ob-
servers, and at the same time, to obtain
"individual" corrections. The problem of
interaction should be re-examined in the
light of these findings, and an attempt
made to extend interaction enalysis to
other individuals and instruments.
(4) when individual corrections have been
applied to the data, each optical instru-
ment should be ré-evaluated.
Problems Requiring Further Field Research:
Certain of‘the results clesrly show
new phenomena on which further research
is needed. Again, certain other of the
results are incomplete, and should be
extended.
Interaction: The finding that the same
binocular mey be better or worse then
another, depending on who is using it, is
an important one, in that it has implica-
tions not only for optical design, but
also for the selection of personnel to
use a particular instrument. This experi-
ment should be repeated and extended, with
the use of & mch larger group of subjects,
and with measurement on each observer of
such visual variables as the extent of
the blind spot, the constants of the
areal function, and the acuity functions
at low levels of illumination. ‘The design
of the experjiment must be such as to estab-
1ish whether superior observers consistently

perform better on & particular instrument,
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and to discover the underlying retinal
variables which lead to a preference for
one or another binocular. The series

of binoculars studied should also be ex-
tended, 1n order to determine the limits
within which the interaction effect may
reduce the superiority of an instrument.

The establishment of the fact of

observer-instrument interaction is one of
the most important of this experiment,

both in its practical implications and

its theoretical significance.

Search and Field Size: The present study
on search is not fully satisfactory, since
it proved that the manoeuvers required of
the observation vessel did not provide for
search of & sufficlently wide sector of

the horizon, so that it is not impossible
that er advantage possessed by wide-field
binoculaers mey have been obscured. Such

an edventage may heve determined the find-
ing that instruments of high megnificetion,
which all had relatively small fields, did
not show, in the search problem, the advan-
tage displayed where the targets to be
detected always appeared in known positions.
Thus, it appears thet not only should the
operational problem be altered, but also
that a rather different series of instru-
ments then were avallable should be used.
Provision of internal field stops and objec-
tive stops to standard instruments should per-
mit the manufacture of a series of instruments
of the same powers, 7 and 10, with the same
exit pupils, but of two, and possibly three,

field sizes. Such a series might include:

(From the 7x50x10°):
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1. 7x4ex3% 2. 7xhex7%; 3. Txlexiol.

(From the 10x80x7°):

4. 10x60x3°; 5. 10x60x7°,

6. 20x120x3°
If such instruments could be procured, it
should be possible to obtain unequivocal
results.
Fixed Focus: Further studies of fixed
focuses should be made on large populations
of observers, with a view of relating
performaence-preferred focus to variations
in refraction of the observers! eyeS, and
t0 their focuses &s measured by several
methods. The effects of fatigue and eye-
strain should be investigated. .
A Permenent Field Station

If there existed a station at which

field studies were routinely undertaken,
not only could the problems outlined above
be exreditiously studied, but any anomolies
of performance of optics or men could be
immadiately taken under investigation,
with a consequent elimination of doubt with
respect to the validity of findings.
Certain of the presented results, such as
the difference in the performance at night
of the 10x50x7° on the signal bridge and
on the gun deck could be accounted for in
short order. The observing personnel of
such & station not only could be very
thoroug?ly studied in the laboratory so
that relevant properties of their retinss
ceuld be known, but also, being experlenced,
they should turn out date much more con-
sistent than observers whose experience

is shorter, and motivation less stable.
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APPENDIX C
Appendix C presents, in tabular form, . listed is not necesserily the one who made
relevant date on each set of runs of the the observation opposite his neme.
experiment. k. The 7x50x70HH renge (in yards) for target
These data include: 3~100 on eech run.

a&. The instruments tested,their mode of use 1. Designation of the search target, and the
(1. e., HH, Indication of fixed focus, etc.) 100% renge of sighting, with the TX50XT7OHH,
and their serial numbers when available. m. A tebular summery of results of the anai-
b. The position on the bridge in which each ysis of variance, giving the total number of
was employed. Where the instruments system- discriminations on which the analyses were
atically shifted position is indicated by made, and the number of these on which signi-
the word “varied." ficant F-values were obteined, with respect
¢. The 90%* and 50%* RRP's of each instru- to differences between runs, between instrm-
ment, as determined in the set. ments, and between observers.

d. The serial numbers of the runs of the set. n. The discriminations of closest range mede
€. The sets which were being performed simul- on vhich data were sufficiently complete for
taneously on each run. This information is analysis.
not given for day runs. 0. Mean Tx50xT7°HH ranges, in yards, for each
f. The date on which each run was made. discrimination. Each mean includes results of
g&. The number of the run for that date. @l)l six runs, with & different observer on
h. The course of the run. each. VWhere visibility prevented the coliec-
i. The presence of wind greater than five tion of sufficient data to compute, this is
knots, blowing into the observers!? faces, indicated by the letters N. S. D. (not suffi-

is denoted by W. cient data).

J. The observer's neme. On night runs the

These tables should enable interested
neme of the observer who used the 7x50x79HH

peérsons to recompute some of the results, or
binoculer on each Tun appeers opposite the

to attempt further analysis of their own.
number of the run. 7In dey runs the observer

* Referred to as .90 and .50 RRP's in text.
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DATA ON RUNS FOR SET g
SUMMARY OF INSTRUMENTS
Instruments ©__Position 90% RRP 50% RRP
1. 7x50x7 HH 144989 5 83.0 100.0 |
E 2. Tx50xT Mtd. 146576 2 97.5 115.0
3. 10x50x7 Mtd. 3 2 109.5 127.5
b Tx30xT VFA - ba 98.5 116.8
5. Tx50x7 HER 259896 6 95.0 112.0
!P 6.  10x50x7 HH kg 1 83.0 100.0
D o Target Search Search
Runs Séx:glt ) pate Nl%é.tgn Oourse  Wind, gg: ?:vei 3-1%0 Target Range "
Range (yds) (yds)
80 Fb-1 10-9 9 065 - Casper 4200 SM 3250
82 Fb-1 10-9 11 065 W Anderson 1900 SM -
: 83 Fb-1 10-10 1 210 - Coleman 3200 sC 4430
‘ 89 Fb-2 10-10 7 065 W Brau 3300 SM -
91 Fb-2 10-10 g 065 W Atchison 5280 SM -
103 Fb-2 11-1 5 210 - Barberio 3750 sC -
:
SUMMARY OF OCCURRENCE OF SIGNIFICANT “P" VALUES ON DISCRIMINATIONS _____._ !
Not Sig. 5% 1% |Not Sig. 5% 1% Eot Sig. 5% 1%
Target 1G and 100 2 1 1 2
Other Discriminations 1 3 6 1 2 7 8 2
Total Discriminations Calculable 12 12 12
Total Discriminations Observed 12 12 12
Closest Discrimination Calculable: 6P1
Discrimination Meaﬁﬂﬁgﬂng?igs%igiggtfog Hﬁe?ﬁ gﬁing?g})m%ggcrimination Mean Range(yds
1-G 8525 4-G 4358
1-100 7642 4-100 3050
1-PI 4830 4-p1 2233
3-G 5610 6-=G 3772
3-100 3605 6-100 2438
3-PI 2233 6-PI 1677
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L.

e s




FIELD TESTS OF OPTICAL INSTRUMENTS

APPENDIX C

Appendix C presents, in tabular form,
relevant data on each set of runs of the
experiment,

These data include:
a. The instruments tested,their mode of use
(1. e., HH, Indication of fixed focus, ete.)
and their serial numbers when available,
b. The position on the bridge in which each
was employed. Where the instruments system-
atically shifted position is indicated by
the word "varied."
¢. The 90%* and 50%* RRP's of each instru-
ment, as determined in the set.
d. The serial numbers of the runs of the set.
e. The sets which were being performed simul-
taneously on each run. This information is
not given for day runs.
f. fThe date on which each xun was made.
g. The number of the run for that date.
h. The course of the run.
1. fThe presence of wind greater than five
knots, blowing into the observers: faces,
is denoted by .
J. The observer's name. oOn night runs the
neme of the observer who used the 7x50x7OHH

binocular on each run appears opposite the

number of the rn,

In day runs the observer
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DATA ON RUYN S FOR SEOD BA
SUMMARY OF INSTRUMENTS
— Ins truments __Position 90% RRP 50% RRP
1. 7x50x7 HH 1414989 5 83.0 100.0
listed is not necessarily the one who mage 5. 7x50x7 Mtd. 146576 2A 97.5 115.0
the observation opposite his name. 3. 10x50x7 Mtd. 3 2 109.5 127.5
k. The 7x50x7OHH range (in yards) for target 4, Tx50x7 VFA - 4a 98.5 116.8
3-100 on each run. 5 7x50x7 HHR 259896 6 95.0 112.0
1. Designation of the search target, ang the 6.  10x50x7 HH kg 1 83.0 100.0
100% range of sighting, with the TX50XTOHK
m. A tabular summary of results of the anal- Runs  Simult. Date No. on  Course RAgggg.) Observer Target Search Search
ysis of variance, giving the total number of Set Date Sect. Agg;gggéé?gds) Target ?;gg?
discriminations on which the analyses were 8 Fb-1 10-9 9 065 _ Casper 4200 sM 3250
made, and the number of these on which signi- 82 . 10-9 1 065 W Anderson 1900 SM -
ficant F-values were obtained, with respect 8 Fb-1 10-10 1 210 . Coleman 3200 sc 430
to differences between runs, between instru- 89 . 10-10 7 065 W Brau 3300 M -
ments, and between observers, 9 Fb-2 10-10 9 065 W Atchison 5280 SM -
n. The discriminations of closest range made 103 T2 11-1 5 210 _ Barberio 3750 ac -
on which data were sufficiently complete for
SRASISLE: SUMMARY OF OCCURRENCE OF SIGNIFICANT “F" VALUES ON DISCRIMINATIONS _
o Nean TxSOXTOHH renges, in yards, for each INGE smr.mg; 1% |Not sg:?egem 1% Mot gg;?rg%msl%
discrimination. Each mean includes results of 2 1 1 2
Target 1G and 100
all six runs, with a different observer on bther Diseriminations 1 3 6 1 2 7 8 2
Where visibility prevented the collec- fotel Discriminations Caloulable 12 12 12
tlon of sufficient data to compute, this is Totel Discriminations Observed 12 12 12
indicated by the letters N. S. D. (not suffi-
cient data). Closest Diserimination Calculable:  6PI
These tables should enable interested ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION T Wean Rangs (7ds
to recompute some of the results, or Discrimination Mean Renge(yds) |Discrimination Mean Range(yds) Piscrimination ge (y
to attempt further analysis of their own. 1-6 8525 4-G 4358
¥ Feferred to as .90 and .50 RRP's 1in text. 1-100 7642 4-100 3050
1-pT 1830 4-PY 2233
‘ - 3-6 5610 6-6 stz
3-100 3605 6-100 2438
3-PI 2233 6-PI 1677
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B BB
DATA ON RUNS FOR SET DATA ON RUNS FOR SET g
SUMMARY OF INSTRUMENTS _— SUMMARY OF INSTRUMENTS
90% RRP 50%_RRP
Tnstruments \ Position Instruments Fosition 90% RRP 50% REP
J S R
1. Tx0xT HH 144032 - 1. 7x50x7 HH 141989 1 86.0 100.0
R e 24 RANDOMIZIKG
S. 0 TxeoxT Nd. 1esTe - i 2. Tx50x7 Mtd. 16576 24 165.5 117.0
N 2 [o)
3. 20x0xT Med. 3 : EORERE SRS 2 122.5 135.2
4 EXCLUDED -
L. Sxe0xT VRA - = e Tx50x7 VFA 7} 110.5 122.8
~etxeOxT KRR = : P+ Tx50x7 HHR 259896 5A 103.0 113.5
S S R 49 - 6. lox50x7 HH 49 6 94.5 10%.0
RANGES _ — RANGES .
RS TN Date Ro. on ccurs?  Wind Observer Tﬁfe:‘l‘u Eee:;l:‘ 59-’:—-:”’ Runs  simult. Date No. on  Course  Wind Observer Target Search Search
S S= . Date Sesx. 3B _}--ug Target :?-5'32? Set Date Seet. D 3-100 Target Range
snge( L - Range (yds) (yds)
= s s S = : Hegks 2102 st -
. 10-2 & Qs ) e 62 Fe-1 10-7 7 210 W Louderbach 3020 s 2500
a~ - SO o S > : lewsk: €00 s¢ -
EENES - 20 =L Jagelews 6k Fe-1 10-8 1 210 W zachmann 1800 sc 2800
S NS ~ 3 5 [g=Ford z25e0 S¥ o
PSS m e S semmens 7 66 Fe-2  10-8 3 210 W Roerk 1920 sc 2600
s . . : = - Fedemse 2230 sM -
fo o Feel - - ces SaeTSeL - 68 Fe-2 10-8 5 210 W Klooz 1550 se 2600
2 Ta~2 biiy 2 NS - Farken SRk S2 -zl
N Ta-l bt bly > 70 Fe-2 10-8 7 210 W Shoemaker 1900 sC 1000
o0 S sos . - Bridges ZoEs sy S
WSS SShs S ~e SRSSESS z 92 We-1 10-11 3 210 W Ritter 3550 s¢ =
SUMMARY OF OCCURRENCE CF SIGNIFICANT “F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% |Not Sig. 5% 1% INot Sig. 5 1
Tarer 13 and I8 i Target 1G and 100 2 1 1
IDIR0T ESOTIELIATLONS ! Other Discriminations 1 8 1 7 3 1 6
TORED D.SsITiminmalaonms Jelaulsiyis ' Total Discriminations Calculable 12 10 12
DY ISITLTLTEILITS Jlserved 1 Total Discriminations Observed 12 12 12
i
CUIS8T ST nL 08T Jalulstis: Closest Discrimination Calculable: 5-PI
i ARITHMETIC MEANS 7 x S0 x 7 HH BY DISCRIMINATION
WeEs Tergi rif Discrimination Mean Range(yds) [Discrimination Mean Range(yds) Discrimination Mean Range(yds
| 1-G 4493 4-G 2377
1-100 3542 4-100 1808
1-P1 2715 4-PI 1492
i 3-G 2782 6-¢ 1892
3-100 2293 6-100 1538
3-PI 1635 6-PI 1573
T a3
S o
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i
RUNS FOR SETEE )
DATA ON i DATA ON RUNS FOR SE®T B(1)X
OF INSTRUMENTS 4
= SUMMARY Soaition SO% RRP 50% Rip 3 SUMMARY OF INSTRUMENTS
Instrum 3 Instruments Position Q0% RRP 50% RRP
6.0
1.  7x50x7 HH 144989 1 8 100.0 1. 6x33x8 3478 6 42.0 60.0
o . 6 24 96.0 109.0
7x50x7 Mtd 14657 oas e 2. 7x50x7 HH 144989 5 81.5 100.0
. 2 102. 16.0 -
3 10x50x7 Mtd. 3 \ 0.5 3 3. 10x70x7 Mtd. 3 92.0 111.5
A . 107.0 -
. 98. 112.0
5 7x50x7 HHR 259896 ZA e . 5. 10x50x7 Mtd. 3 2 87.5 105.5
5. : . 104, 118.0
10x50x7 HH k9 6. 7x50x7 VFA - 7y 87.0 107.0
RANGES TS — S RANGES
arge earc
Runs g SmLES HRtE Ng;t‘;" e (s)ngéer 3-1%0 Target nﬁﬁggh Runs  Simult. Date No. on Course Wind Observer Target Search Search
Set Range (yds) (vds) Set Date Sect. X 3-100 Target Range
5 Range (yds) (yds)
61 Ff-1 10-7 6 065 - Webb 2350 SM 3170 T4 Wz-1 10-9 3 210 W Miles 3500 sC 3120
)
63 Ff-1 10-7 8 065 - Shook 1900 SM 3300 76 Wz-1 10-9 5 210 - Williams 3850 sC -
65 Ff-1 10-8 2 065 - Pusateri 1700 SM 2300 79 Wa-1 10-9 8 210 W Hendley 7000 3C B
(Curtis) .
67 Ff-2 10-8 Y 065 - Nixon 2800 M 2380 85 wz-2 10-10 3 210 - Mueller 3850 sC 4180
69 Ff-2 10-8 6 065 - Rice 1800 SM - 87 Wz-2 10-10 5 210 - Shlaer 4300 8K -
71 Ff-2 10-8 8 065 - Myers 2400 SM - 90 Wz-2 10-10 8 210 - Lamar sC -
np"
. SUMMARY OF OCCURRENCE OF SIGNIF}I{ﬁﬁg’I‘ " VALUES 81;s]e)i‘s’gngINATIONSInstmmnnts SUMMARY OF OCCURRENCE OF SIGHIFICANT "F" VALUES gg DISCRIMINATIONSI - -
S Runs servers nstrume
Mot Sig. 5 1% |Not Sig. 5 1 ot Sig. 5% 1% Not Sig. 5% 1% [Not Sig. 5% 1% boc Sig, 58 1%
Target 1G and 100 1 1 2 2 Target 1G and 100 1 1 1 1 1 1
Other Discriminations 1 3 6 6 1 3 10 Other Discriminations T3 4 3 1
To tal Discriminations Calculable 12 12 12 Total Discriminations Calculable 6 6
d
Total Discriminations Observe 12 . 12 12 Potal Discriminations Observed 6 I
t 1 ble: 5-P 3
Closest Discrimination Calculable: 5-PX Closest Discrimination Calculable: 3-PI
ARITHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION 7 SCRIMINATION
TIC MEANS x 50 x 7 HH BY DI
Discrimination Mean Range(yds)} [Discrimination Mean Range(yds) [Discrimination Mean Range(yds Discrimination Meaﬁﬂiﬁg(yas) Discrimination Mean Range(yds) [Discrimination Mean Range(yds
1-G 5393 4-100 1887 1-¢ 7772 6-G 3627
1-100 bz 4-p1 1450 1-100 7060 6-100 2938
1-PI 2730 6-¢ 1890 ' 1-PI 5288 6-PI ir22
- g - 1
3-G 2855 6-100 1633 3-¢ 5097
3-100 2158 6-PI 1365 3-100 Lote
3-PI 1498 3-PI 2068
4-G 2217 €
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DATA ON RUNS FOR SET B(s)A
Tnstronents: A — S ST 90% RRP 50% RRP
1.  T7x20x7 HH 144989 6 84.0 100.0
2.  7x50x7 Mtd. 146576 2 115.5 129.5
3. ]:Ox50x7 Mtd. 3 3 129.0 1450
4. 7x50x7 VFA o 4a 109.5 123.5
5.  7x50x7 HHR 259896 54 111.5 126.0
6.  10x50x7 HH 49 1 101.5 115.5
RANGES .
Runs Séz‘z;ltx;l t. Date Ngétgn course Wind ggzz f'v: r gf{gg t gzgggg }Sigﬁggh
Range(yds) (yds) .
221 W(s)i-2 11-5 7 210 - Anderson 2600 SC 5250
123 wW(s)t-2  11-5 9 210 - Brau 1450 s¢ ¥700
125 w(s)i-3 11-6 3 210 - Barberio 1950 SC 3800
127  W(s)i-3 11-6 5 210 - Casper 1480 SC 5150
129  wW(s)1-3 11-6 7 210 - Coleman 1600 sC 3500
131 - 11-6 9 210 - Atchison 23400 sc 4520

SUMMARY OF OCCURRENCE OFFSIGNIFICANT "F" VALUES ON DISCRIMINATIONS

, Runs Observers #_m%“
Not Sig. 5% 1% [Not Sig. 5% 1% [Not Sig. 5 1
Target 1G and 100 1 1 2 2
Other Discriminaticns 2 3 b 7 4 2 3
Total Discriminations Calculable 11 11 11
Total Discriminaetions Observed 11 11 11
Closest Discrimination Calculeble: 5-100

ARITHMETIC MEANS

7 x 50 x 7 HH BY DISCRIMINATION

Discrimination Mean Range(yds)??scriminauon Mean Range (yds) [Dlscrimination Tlean Range(yas

1-G 6942 5-100 1883

1-100 5008 5-P1 1308

1-PI 2788

3-c 2788 ’

3-100 19i3

3-P1 1353

5-G 249z

'

248

B CRRY o TRV ohgp = eyl DR 4

RESTRICTED

N APPENDIX C
N .
DATA ON RUNS PFPOR SETB(s)F
SUMMARY OF INSTRUMENTS
Instruments Fosition O90% RRP 50% RRP____|
3. 7x50x7 HH 144989 6 81.0 100.0
2, Tx50x7 Mtd. 146576 2 87.5 108.0
3, 10x50x7 Mtd. 3 3 88.5 108.5
4, 7x50x7 VFA O %A 102.0 121.0
5. 7x50x7 HHR 259896 54 95.5 114.0
6. 10x50x7 HH b9 1 88.0 106.5
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. p 3-100 Target Range
Renge(yds) (yds)
120 w(s)j-2 11-5 6 065 Lamontagne 3800 sM -
122 w(s)j-2 11-5 8 065 courtney 2550 SM 3150
126 W(s)j-2 11-6 3 065 - Tucker 1980 SM 3020
128  W(s)j-3 11-6 6 065 - Fillissey 2000 SM 1850
130 W(s)j-3 11-6 8 065 - Miller 2280 SM 3050
132 W(s)j-3 11-6 10 065 - Naumann 2300 SM 2650
SUMMARY OF OCCURRENCE OF SIGNIF%?;;I:T "R" VALUES ggs}gﬁgggmmfrmnsInstmmems
Not Sig. 5% 1€ |Not 5ig, 5% 1g [Not Sig. 5% 1%
Target 1G and 100 1 1 1 2
Other Discriminations 10 3 1 2 13
Total Discriminations Calculable 15 9 15
Total Discriminatiéns Observed 15 15 15
Closest Discrimination Calculable: 6-PI
ARTTHMETIC MEANS 7 X 50 x 7 HH BY DTISCRIMINATION

Mean Range(yds)

[Discrimination Mean Range(yds)

Discrimination Mean Renge(yds) |[Discriminatjon
1-G 7372 4-100 2003
1-100 5652 4-PI kg2
1-P1 3093 5-G 2745
3-G 3317 5-100 2230
3-100 21485 5-PT 1615
. 2
3-PI 1635 (St 193
4-g 2l92 6-100 1605
6-PI 1325
RESTRICTED 249
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pATA ON RUNS FOR SET B(s)a
Thetruments: SUMHARY OF INSTRUggﬁion 90% RRP 50% RRP
1. 7x50x7 HH 144989 6 84.0 100.0
2. 7x50x7 Med. 146576 2 115.5 129.5
3. 10x50x7 Mtd. 3 3 129.0 145.0
i, 7x50x7 VFA - LT 109.5 123.5
5.  7x50x7 HHR 259896 54 111.5 126.0
6. 10x50x7 HH kg 1 101.5 115.5
RANGES ’ SERT—
Ram SfmTe  Dere %o on Cowse Wiad  Coerer  Totgst —erem  Seoreh
Range(yds) (vas).
121 W(s)i-2 11-5 7 210 - Anderson 2600 sC 5250
123 W(s)i-2  11-5 9 210 - Brau 1450 sC 4700
125 W(s)i-3 11-6 3 210 = Barberio 1950 SC 3800
127  W(s)1-3 11-6 5 210 = Cesper 1480 Sc 5150
129  W(s)i-3 112-6 7 210 - Coleman 1600 sc 3500
131 - 11-6 9 210 - Atchison 2400 sc 4520
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
| Runs Observers Instruments
! INot Sig. 5% 1% |iot Sig. 5% 1% [Not Sig. 5 1
Target 1G and 100 1 1 2 2
Other Discriminations 2 3 I3 7 4 2 3
Total Discriminations Calculable 11 11 11
Total Discriminations Observed 1) 11 1)

Closest Discrimination Calculable:

5-100

ARITHMETIC MEANS

7 % 50 x 7 HH BY DISCRIMINATION

Discrimination Mean Renge{yds) [Discrimination Mean Range(yds) [Discrimination Mean Range(yds
1-G 6942 5-100 1883
1-100 5008 5-P1 1308
1-PI 2788
3-G 2788
3-100 1913
3-p1 1353
5-G 2h92
f
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APPENDIX C
\
DATA ON RUNS FOR SETB(s)F
SUMMARY OF INSTRUMENTS
Instruments Position 90% RRP 50% RRP
1. 7x50x7 HH 144989 6 81.0 100.0
b, 7x50x7 Mtd. 146576 2 87.5 CERs
3. 10x50x7 Mtd. 3 3 88.5 108.5
5. 7x50x7 VFA - 4 102.0 121.0
5. 7x50x7 HHR 259896 5A 95.5 11%,0
6. 10x50x7 HH kg 1 88.0 106.5
RANGES
Runs Simult., Date No. on Course  Wind Observer Target Search Search
Set Date Sect. P 3-100 Target Range
Range (yds) (yds)
120  W(s)j-2 11-5 6 065 Lemontagne 3800 sM -
122 W(s)j-2 11-5 8 065 Courtney 2550 SM 3150
126 w(s)j-2 11-6 ) 065 - Tucker 1980 sM 3020
128  W(s)j~3 11-6 6 065 - Fillissey 2000 sM 1850
130 W(s)j-3 11-6 8 065 - Miller 2280 SM 3050
132 W(s)j-3 11-6 10 065 - Naumann 2300 sM 2650
SUMMARY OF OCCURRENCE OF SIGNIF%gggT "F" VALUES ggslgiﬁgigmmATIONS]’nst;rument‘,s
l’LTot; Sig. 5% 1% (Not Sig. 5% 1% [Not Sig. 5 1
Target 1G and 100 1 1 1 1 2
Other Discriminations 10 3 1 2 13
Total Discriminations Calculable 15 9 15
Total Discriminatiéns Observed 15 15 15
Closest Discrimination Calculable: 6-PI
Discrimination Meaﬁﬁmggs%kiﬁg&; Hﬁegﬁ g:igz-(r;{;g‘)mli)ggcrimina.t:ion Hean Range(yas
1-¢ 7372 4-100 2003
1-100 5652 4-pT 1492
1-P1 3093 5-6 2T
3-6 3317 5-100 2230
3-100 2485 5-PI 1615
3-PI 1635 6-6 R0
4- 2lg2 6-100 1605
6-P1 1325
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FIELD TESTS OF OPTICAL INSTRUMENTS Ll REPO}m I P——
DATA ON RUNS FOR SETEN ! DATA ON RUNS FOR SET EJ
— SUMMARY OF I““““%’f‘;ﬁm SoZ T TR —— — T SUMMARY OF msmuggrsqﬁ,mn — —
1. 6x33x8 3478 6 71.5 85.5 1. 6x33x8 3478 6 N.S.D. N.S.D.
2. 6x33xT - 2 83.0 98.0 2. 6x33x7 - 2 60.5 28.0
3. 6x33x7 Mon. - 1 69.5 84.5 2 Gx33x7 Mon. - 1 N.S.D, N.S.D.
b 6x50x7 - 3 78.5 92.0 ! 6x50x7 ) 3 " 70.0 88.0
5. 6xhaxt - 5 76.0 90.5 N Sxhaxt ) 5 73.5 90.0
6. 7x50x7 HH - 4 85.0 100.0 o 7x50x7 HH - 4 82.5 100.0
|
RANGES : RANGES .
Runs ~ Simuls. Sate No. on  Course Wind Observer Target Search Search : Runs  Simult. Date Ro. on Course  Wind Observer Target Search Search
Set Date ° Sect.H 3-100 Target Range Set Date Sect. J 3-100 Target Range
Range (yds) (yds) Renge(yds) (yds)
160 Dide -8 2 210 i Filissey 1300 s¢ 1700 161 D10p 12-8 2 065 - Saidikowski 3400 sM 2000
162 Dile 12-3 3 210 W Steton 1530 s¢ 1300 163 D10p 12-8 4 085 - Farone 1820 SM -
168  Dide 128 5 210 W Anderson 2000 s¢ 1400 165 Diop 12-8 6 065 - Milling 1110 sM 1200
166 Dl2o 12-8 T 210 W . Hughs 1910 5C 1250 167 Dl2p 12-8 8 065 - Foley 2600 SM 2100
169 D120 12-9 2 210 W Naumann 2600 sM 5600 168 m2p 12-9 1 065 - Parker 1300 sc 2000
171 D120 12-9 y 210 W Roark 1630 sC 2100 (Y D12p 12-9 3 065 - Tucker 2100 sM 2800
SUMMARY OF OCCURRENCE OF SIGNTFICANT "F" VALUES ON DISCRIMINATTONS SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Tnstrumants Runs Observers Instruments
ot sSig. 5 1F (Not Sig. 5 1 ot Sig, 5% 1% Not sig. 5% _ 1% |Not Sig. 58 1% [Not Sig. 5% 1%
Target 1G and 10-0 1 1 2 1 1 Target 1G and 100 2 1 1
Other Discriminations 11 1 11 Other Discriminations 3 3
Totsl Discriminations Calculable 13 3 13 Total Discriminations Calculeble 5 &
Total Discriminations Observed 13 3 13 Total Discriminations Observed 5 5 5
Closest Discrimination Calculable: 6-G Closest Discrimination Calculable: 3-100
M%WM%M?inmimum Mean Renge(yds Discrimination MeaﬁRgzﬁg%igs?ﬁ%%%nggcrimination Mean Range(yads)
1-G 3990 4-g 2178 -G 4150 4-100 1958
1-100 3255 4-100 1877 1-100 3097 4-p1 =
1-PI 1927 4-p1 1273 1-PT 2045
3-G 2165 6-G 2077 i 3G 2325
3-100 1828 6-100 1593 3-100 2055
3-PI 1178 6-P1 1077 SR -
4-c 2295
' 250 RESTRICTED reTmIenED et
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT T7-46

DATA ON RUNS FOR SET H-l
T RY OF INSTRUMENTS
Tnstruments SUMMA Position 90% RRP 50% RRP
1. 7x50x7 HH - varied 83.0 100.0
2. 7x50x10 HH(HR) - varied 85.0 101.0
3.  10x50x7 HH 20 varied 87.0 105.0
4. 8x60x9 HH(-1d) 2111187 varied 80.5 97.5
5. 7x50x7 Mon. HH 259898 varied 4.5 91.2
6.  Naked Eye - varied - -
RANGES b T t Se h S
B Course Wind Observer arge arc earch
Sung sé’;“t‘“‘ o8t8 Nﬁatgn Sect. A 3-100 Target Range
e Range(yds) {(yds)
2 - 9-4 2 055 = Casper 3700 =
3 = 9-4 3 055 - Atchison 5230 -
5 = 9-4 5 055 W Barberio 3900 -
8 s 9-5 2 055 - Coleman 3200 -
16 - 9-6 2 055 s Brau 2100 S
18 - 9-6 4 055 - Anderson 2150 -
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5 1% _|Not Sig. 5 1% [Not Sig. 5% 1%
Terget 1G and 100 2 2 2
Other Discriminations 4 3 1 1 5 2
Total Discriminations Calculable 4
Total Discriminations Observed 9 9 9
Closest Discrimination Calculable: 4-py
ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINATION
Discrimination Mean Range(yds) [Discriminatjon Mean Range(yds) [Discrimination Mean Range(yds
1-G 5833 4-100 2113
1-100 5600 3-p1 1475
1-PI oot
3-G 163
3-100 3380
3-PI 1882
b-g 2672
252 - . onIcTd

APPENDIX C
DATA ON RUNS FOR sET H1)ae
[: TRoCromeTS SUMMA}?Y oF IHSTRU;&E!;'{Eion SO TR TR
1. 7x50x7 HH - varied 90.2 100.0
0. 7x50x7 EH(HR) - varied 99.0 106.0
3. 10x50x7 HH 20 varied 96.0 102.0
L, 8x60x9 HH(-1d) 2111187 varied 96.0 103.0
5. 7x50x7 Mon. HH 259898 varied 87.5 95.0
6. 10x70x7 (JF) HH - varied 85.0 92.5
Runs Simult. Date No. on  Course RA%:(EE(S} Observer Target Search Search
Set Date Sect. A 3-100 Target Range
Range(yds) (yds)
32 - 9-12 2 055 W Brau 4780 - =
33 o 9-12 3 055 S Atehison 3980 - -
35 : 9-12 6 055 W Anderson 4350 - -
115 = 11-5 1 210 = Barberio 2500 SC 4300
124 wer-23 11-6 1 065 - Coleman 2650 s¢ 3950
A3 = 11-9 1 210 W Casper 3100 SC 3050
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% INot Sig. 5% _ 1% [Not Sig. 5% 1%
Target 1G and 100 2 2 11
Other Discriminations 6 4 2 5 1
Total Discriminations Calculable 8
Total Discriminations Observed 8 8 8
Closest Discrimination Calculable: 4-100
Discrimination MeaﬁRﬁgﬁ%ggsFﬁ%gc;i;iggt;o; Hl}-}egz ggigz?)gg‘)mll)ggcrimination Mean Renge (yds
1-G 6945 b-G 4093
1-100 6343 4-100 3638
1-p1 4493 4-P1 3002
3-¢ 4222 6-¢ L
3-100 3560 6-100 2657
3-r1 2962 6=P1 - .
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NAVORD REPORT 77-4¢

) FIELD TESTS OF OPTICAL INSTRUMENTS

DATA ON RUNS FOR SET HC-1
SUMMARY OF INSTRUMENTS

s teamants Position G0% RRP 50% RRP
L 7x50x7 HH - varied 82.5 100.0
| 2  7x50x7 HH(HR) - gerted 0 100
} 3 10x50x7 HH 20 varied 96.0 112.5
4 8x60x9 HH(-1d) 2111187 varied 79.8 97.5
5 7x50x7 Mon. HH 59898 varied 70.0 87.5
6 Naked Eye = veried B B
RANGES
Runs Simult. Date No. on Course Wind Obsexrver Target Search Searc] )
Set Date Sect. C 3-100 Target Range :
__Range(yds) (yds) ]
1 = 9-4 1 210 W Parker 1800 = -
4 = 9-4 4 210 - Haskins 2800 - S 1
6 - 9-4 6 210 - Webster 3580 - -
10 - 9-5 y 210 W Lamontagne 2700 S -
12 o 9-5 6 210 W Kramer 3100 - -
14 = 9-5 8 210 W DeWitt 3050 = S
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% [Not Sig, 5% 1% [Not Sig. 6583 1%
Target 1G and 100 2 2 2
Other Discriminations 7 1 5 1 1
Total Discriminations Calculable 9
Total Discriminations Observed 9 9 9
Closest Discrimination Calculable: 4-Ppr
Discrimination Meaﬁngr‘:ﬁgﬁ?g’gsm’l) Ijq.zcrigingtion Hﬁe?ﬁ gﬁg% ?gl)wéggcmmmauon Mean Range(yds
1-G 5858 . 4-G 2692
1-100 5750 4-3100 2492
1-PI 3767 4-p1 1893
3-@ 32k i
3-100 2838
3-PI 2178
254 RESTRICTED
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APPENDIX C

DATA ON RUNS FOR SET H(1) ¢-2

SUMMARY OF INSTRUMENTS

Instruments Position 90% RRP 50% RRP
1. 7x50x7 HH = varied 88.5 100.0
. 7x50x10 HH (HR) - varied 82.5 92.0
3. 10x50x7 HH 20 varied 88.0 97.%
4. 8x60x9 HH(-1d) 2111187 varied 96.0 106.0
5. 7x50x7 Mon. HH 259898 veried 72.0 82.0
6. 10x70x7 (JF) HH - veried 79.0 88.5
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date sect, C 3-100 Target Range
Range(yds) (yds)
31 - g9-12 1 210 - Haskins 3130 = -
34 - 9-12 3 210 - Parker 1900 - -
36 - 9-12 6 210 - Lamontagne 2900 - -
37 - 9-13 1 210 - DeWitt 2600 - -
38 - 9-13 2 210 - Webster 2000 - -
39 - 9-13 3 210 = Carter 2450 - -
SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF ST 1Al Shietrens Rstrunants
o Not Sig. 5% 14 INot Sig. 5% 1% ot Sig. 5 1
2
Terget 1G and 100 2 2
1 2
Other Discriminations 2 1 3 1 5 3
8
Total Discriminations Calculable
8
Total Discriminations Observed
Closest Discrimination Calculeble: 4-100
DISCRIMINATION
ARTTHMETIC MEANS 7 X 50 x 7 HH BY T TTEr T
Discrimination Mean Range(yds) |[Discrimination Meen Range yds) [Discrimination Mean ge(y
1-G £238 4-¢ 2935
1-100 4652 4-100 272
1-PI 3013 4-PI 1705
3-6 3035
3-100 2497
3-PI 1750
RESTRICTED 255
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-4g APPENDIX C
E—
DATA ON RUNS FOR SETHY DATA ON RUNS FOR SET HzZ-1
SUMMARY OF INSTRUMENTS SUMMARY OF INSTRUMENTS
Instruments - Position 90% RRP 50% RRP Instruments —_Position 90% RRP 50% RRP
| 1. 7x50x7 HH - varied 83.0 100.0 1. 7x50x7 HH - varied N.S.D N.S.D.
bl 2. 7x50x10 HH(HR) - varied 91.0 107.0 2.  7x50x10 HH(HR) - veried N.8.D. N.S.D.
;} ‘ S - varied 97.5 113.0 3. 10x50x7 HH 20 varied N.S.D. N.S.D,
' 4. 8x60x9 HH(-1d) 2111187 varied 93.5 111.5 4, 8x60x9 HH(-1d) 2111187 varied N.S.D. it.s.p.
5.  7x50x7 Mon. HH 259898 varied 72.3 90.0 5.  7x50x7 Mon. HH 259898 varied N.8.D. N.s.D.
6. Naked Eye - varied - - 6. Naked Eye s varied N.S.D. N.S.D.
RANGES RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. Y 3-100 Target Range Set Date Sect. 2 3-100 Target Range
L Range(yds) {yas) Range(yds) (yds) |
20 S 9-6 6 210 - Ross 3000 5 - 7 S 9-5 1 210 W  Dunham 1600 - =
23 S 9-7 2 055 - Kern 1150 = - 9 s 9-5 3 210 W Willliems 3550 - -
25 = 9-7 4 055 - Miles 2700 - - 11 = 9-5 5 055 = Lamar 1300 - -
26 = 9-7 5 210 W Scott 2400 = - 13 = 9-5 7 055 - shlger 1200 - -
28’ - 9-7 7 210 W  Reed 2800 - _ 15 - 9-6 1 210 - Mueller 2000 - -
30 - 9-7 9 210 = Griffin 2200 - - 17 - 9-6 3 210 = Hendley 2750 e -
SUMMARY OF OCCURRENCE OF SIGNIF}{gﬁET "F* VALUES gg DISCRIMINATIONS SUMMARY OF CCCU'RRENCE CF smnmégﬁz:r "p" YALUES 8gsgigg§§mmmonsInstmmenw
m Wot Sig. 5% 1% ot é?;??mentsl INot Sig. 5% 1% lHot Sig. 5% 1%
Target 1G and 100 2 2 . S Target 1G and 100 2 2 e
Other Discriminations 5 3 2 Other Discriminations
Total Discriminations Calculable 7 A . Total Discriminations Calculable 2 2 2
Total Discriminations Observed 7 7 7 Total Discriminations Observed 2 2 e
Closest Discrimination Calculable: 4~G Closest Discrimination Celculable: 1-100 )
Discrimination MeaﬁRﬁgg'ggsm)D Ifgcz-i:uxslgbfog Hﬁe?ﬁ gixslgz:([l;cllgl;TlI)ggcrimination Mean Range(yds Discrimination MeaﬁRizg{g?ig?)@%%cliziggt?og Hh}‘}ezi géigi%;’ég?Tll)ggcrimination Mean Range(yds
LS 5083 4-g 2933 ‘ 16 5833 46 3058
1-100 4333 4-100 2333 1-100 5167 4-100 2177
1-PT 3355 4-py 1958 1-PT 3158 4-p1 1500
3-¢ 3160 ' 5 3-c 2675
3-103 2375 3-100 2067
3-23 1790 3-r1 1287 .
256 FESTFT072D FECTRICTED L
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FIELD TESTS OF OPPICAL INSTRUMENTS

NAVORD REPOR?T T1-46

DATA ON RUNS FOR S E T HZ-2
5} OF INSTRUMENTS
Instruments PR Position 90% RRP 50% REP
1 7x50x7 HE - varied 76.5 100.0
P 7x50x10 HH(HR) 2 varied 81.5 106.0
3. 10x50x7 HH 20 varied 86.0 111.5
4.  8x60x9 HH(-1d) 2111187 varied 78.0 104.0
5.  7x50x7 Mon. HH 259898 varied 57.5 83.5
6. Naked Eye - varied - -
s b T t Search S h
. . on Course Wind Observer arge C Sarc
Runs ségglt pate Ng&tg Sect. 2 3-100 Target Renge
Range(yds) (yds)
19 - 9-6 5 055 - Williams 3500 - -
21 - 9-6 7 055 - Shiger 1200 - -
22 - 9-7 1 210 Curtis 1850 - -
2k - 9-7 3 210 Hendley 3050 - -
27 - 9-7 6 055 - Mueller 4000 - -
29 - 9-7 8 055 - Lemar 2000 - -

SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINAPIONS

Runs Observers Instruments
Not Sig. 5& 1% [Not Sig. 5% 1%4&\?0: Sig., 5% 1%
Target 1G and 100 1 1 1 1
Other Discriminations 6 1 7
Total Discriminations Calculable 9 2
Total Discriminations Observed 9 9
Closest Discrimination Celcula-ble: 4-P1

S 7 x 50 x 7 HH BY DISCRIMINATION

ARITHMETIC MEAN
Discrimination Mean Re.nge(ycﬁﬂﬁ%%minetion
e 4780 4-p1
1-100 4468
1-PI 3042
3-G 3338
3-100 2600
3=PI 1640
-G 3280
4-100 2583

Meen Range(yds])

1657

IDiscrimination Mean Range(yds

258
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APPENDIX C
DATA ON RUNS FOR SET MA
SUMMARY OF INSTRUMENTS
Instruments Position 50% RRP 50% REP
1. 6x33x8 3478 6 52.3 63.0
2.  4x28x10 - 5 50.0 59.0 -
3. 6x30x8.5 - 1 34.5 51.0
4. 7x50x7 HH 144989 y 83.5 100.0
5. 10x70x7 (NDRC)Mtd - 3 110.5 129.0
6. 10x50x7 Mtd. 3 2 g94.0 110.2
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. A 3-100 Target Range
Renge (yds) (yds)
48 As-1 10-5 1 210 W Coleman 2130 sC 3500
50 Aa-1 10-5 3 210 W Brau 1760 SC 5800
52 Aa-1 10-5 5 210 W Atchison 3630 SM 2350
54 Aa-2 10-5 7 065 - Barberio 2300 SM 3500
72 Aa-2 10-9 1 210 W Anderson 2450 sc -
78 Aa-2 10-9 7 065 - Casper 4700 sM 3850
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% [Not Sig. 5% 1% [Not Sig. 58 1%
Target 1G and 100 1 1 2 1 1
Other Discriminations 4 1 1 3
Total Discriminations Calculable 6 .
[

Totel Discriminations Observed

Closest Discrimination Calculable:

3-PI

TSCRIMINATION
ARITHMETIC MEANS 7 x 50 x 7 HH BY D
Discrimination Mean Renge(yas) [Discrimination Meen Range(yds [Discrimination

Mean Range (yds

1-G 7092
1-100 6667
1-PI 3895
3-6 4677
3-100 2828
3-PI 1743
RESTRICTED 259
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NAVORD REPORT 77.4¢

FIELD TESTS OF OPTICAL INSTRUMENTS APPENDIX C
DATA ON RUNS ¥CR SET M DATA OR RUNS FOR SET MQ)D
Instruments S INSTRU&EEE““ 90% RRP 20% REP__ ) Instruments SHMMARY OF INS‘I‘RU;%I:}‘?;MH 90% RRP 50% RRP
1. 6x33x8 3478 6 38.5 61.8 1. 6x33x8 - : 6
2. 4x28x10 - 5 23.5 45.0 2. 4x28x10 - 5
3. 6x30x8.5 - 1 18.0 47.0 3. 6x30x8.5 _ 1 EXCLUDED -
4.  7x50x7 HH 144989 b 77.0 100.0 4, 7x50x7 HH 144989 2 SIGH WIiDS
5. 10x70x7 (NDRC)Mtd 3 85.5 110.0 5. 20x120x3 - 4
6. 10x50x7 Mtd. 3 2 88.0 112.0 6. 10x70x7 (NDRC) Mtd - 3
RANGES RANGES
Runs ~ Simult. Date No. on  Course Wind Observer Target Search Search Runs _ Simult. Date No. on  Course  Wind Observer Target Search Search
Set Date Sect. B 3-100 Target Range Set Date Sect. D 3-100 Target Range
__ Range({yds) (yds) Range(yds) (vds)
49  av-1 10-5 2 065 -  Pedersen 3380 SM 2790 42 Ac-1 10-4 3 210 W Louderback 3650 - -
51  Ab-1 10-5 4 065 - Bamford 2200 SM - 4y Ac-1 10-4 5 210 W Zechmann 5400 - -
53 Ab-1 10-5 6 210 ¥  Hughs 1950 sC 2470 46 Ac-2 10-% 7 210 W Roark 4430 - -
55 Ab-2 10-5 8 210 W  Jagelewski 3800 sc 4200 56 Ac-2 10-7 1 210 W Shoemaker 5050 sC 3%00
73 Ab-2 10-9 2 065 -  Parker 3630 SM - 58 Ac-2 10-7 3 210 W Ritter 2400 sc 2300
75 ab-2 10-9 4 065 -  Bridges 5750 sC 2950 60 Fe-1 10-7 5 065 W Klooz 4800 - -
SUMMARY OF OCCURRENCE OF STGNIFICANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON_DISCRIMINATIONS
Runs Observers Instruments Runs Observers Instruments
Not Sig. 5% 1% |Not Sig, 56 1% [Not Sig. 5% 1% Not Sig. 5¢ 1% |Not Sig. 5% 1% [Not Sig., 58 1%
Target 1G and 100 2 2 1 1 Target 1G and 100 2 L . .
Other Discriminations 7 3 1 y 2 Other Discriminations 1 2 1 \ 3
Total Diseriminations Celculable 12 4 12 Total Discriminations Calculable 5 3 >
Totel Discriminations Observed 12 12 12 Total Discriminations Observed - 5 >
Closest Discrimination Celculable: 5-PT Closest Discrimination Calculable: 3-100
ERTT e . ON
Discriminetion Meaﬁ%iﬁ??&?ﬁi&ﬁiﬁtﬂg Hﬁesg giiggfr;gg?Tlggcrlmimtion Mean Rangse(yds Discrimination Meaﬁﬂim?igs%gicaiiggéoz Hl{d{egi g&figg%?g};ﬂiscrimination Mean Range(yds
1-G gigz 4G 2845 1-G 6808 4-G 4590
1-100 6252 4-100 2272 1-100 6350 4-100 4185
1-PI 3552 4-p1 1447 1-PT 5120 4-PI 2968
3-6 whz2 6-6 3102 3-6 4868 6-¢ 3330
3200 342z 6-100 2535 3-100 4288 6-100 3038
3-PI 15€2 6-P1 1800 3-p1 3180 6-9T 2027
— '
260 RESTRICTED RESTRICTED 261
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NAVORD REPORT 77-4g

FIELD TESTS OF OPTICAL INSTRUMENTS

DATA ON RUXS FOR SET MQI)E DATA OKN RUNS FOR SET P(1)A

SUMMARY OF INSTRUMENTS

SUMHARY OF INSTRUMENTS

Instruments Position 90% RRP 50% RRP F Instruments Position 50% RED =% TP
il 6x33x8 .- 6 3%.5 57.0 1. 7x50x7 HH 408395 3 77.8 100.0
2. Lx28x10 = 5 N.8.D. N.S.D. 2. 20x120x3 = y 157.0 189.0
3.  6x30x8.5 5 1 X.8.D. N.S.D. 3. 25x100x3.6 - 2 142.5 167.0
b, 7x50x7 HH 144989 2 76.0 100.0 4. 10x80x7 - 5 116.5 138.5
5. 20x120x3 - 4 151.0 183.0 5. 21x76x2.8 - 1 69.0 84,5
6. 10x70x7 (NDRC) Mtd. 3 112.0 136.0 6. 2kx96x2.2 - 6 101.0 119.0
X
RANGES RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Searc Runs  Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. E 3-100 Target Range Set Date Sect. A 3-100 Target Range
Range (yds) (yas) Range(yds) (yds)
n Ad-1 20-4 2 065 - Shook 5850 143 D(5)4 11-9 3 210 W Casper 2400 8¢ 4700
43 Ad-1 10-4 3 065 _ Myers 5900 145 D(5)1 11-9 5 210 W Colemen 2500 s6 4100
45 Ad-1 10-4 6 065 - Pusatert 3230 147 D(5)1 11-9 7 210 W Barberio 2530 sc 4200
47 Ad-2 10-4 8 065 N Webb 3300 149 D(10)n 11-26 1 210 W Anderson 5650 sc 6270
57 Ad2  ° 10-7 2 065 - Rice 3700 151 D(10)n 11-26 3 210 W Atchison k700 sc 6300
59 Ad-2 10-7 -4 065 - Nixon 3200 3 153 D(10)n 11-26 5 210 W Brau 4410 sc k00
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS ! SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Thstruments | § L Runs N Observers Instruments
Mot Sip. 5% _ 1% |Not Sig. 5% 1% [Not Sig. 5 i Not Sig. 5% 1% |Not Sig. 5% 1% [Not Sig. 58 1%
Target 16 snd 100 2 1 2 Target 1G and 100 2 2 2
Other Discriminations 6 1 3 2 . 10 Other Discriminations 9 2 5 3 - e
Total Discriminations Calculable 12 ¥ e total Discriminations Calculable 18 6 18 .
Total Discriminations Observed 12 12 . fotal Discrimirations Observed 18 18 18
Closest Discriminstion Calculable: 5-PI Closest Discrimination Calculable: 7-PI
Discrimination Meaﬁnﬁgg%mf%ﬁ%%%T%gchnimuon Meen Range(yds A Discrimination Meaﬁ%ﬁ%ﬁ%ﬂcﬁmimum Meen Range(yds
1-6 7088 g 3988 1-¢ 9790 -G 1522 7-G 2638
1-100 6867 4-100 3043 e 8325 4-100 3228 7-100 1922
1-P1 4608 4-P1 1857 e 5243 4-PI 1993 7-P1 12
e o148 &G 3255 f 3-6 5Th2 6-G i 56 #600
3-100 g7 6-100 2778 3-200 3698 6-100 1738 St 3532
3-P1 2317 6-PT 1900 3-PT 2023 6-PI 1348 5-P1 2002
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-16 APPENDIX C
DATA ON RUNS FOR SET PD DATA ON RUNS FOR SET P(L)F
Instruments SUMMARY OF IETRUgifgrfilon 90% RRP 50% RRP Instruments SUMMARY OF msmmggfiion 90% RRP 50% RRP
28 1. 7x50x7 HH 108395 3 77.0 100.0 1. 7x50x7 HH k08395 3 72.5 100.0
| e - 4 153.0 180.0 2.  20x120x3 = 4 137.5 1715
f 3. 25x100x3.6 - 2 141.5 170.0 3. 25x100x3.6 - 2 152.0 191.0
1 ¥ L. 10x80x7 . 5 108.0 135.0 k. 10x80x7 - 5 91.0 116.0
“ 5. 21x76x2.8 = 1 52.5 73.0 5. 21x76x2.8 - 1 45.0 71.5
6. 16x96x2.8 - 6 93.0 117.0 6. 2ux96x2.2 S 6 103.0 132.0
7
' RANGES No. on  Course m?lgicsl Goserver Target ~ Search ~ Search
Runs ng;nélt. Date Ngétgn Course Wind ggzif'vgr ;’I'Ei'ggt %:i;glg S:;;':h . Runs Séx;nélt. Date e Sect. F 3-100 Target Range
Range(yds) {yds) Range(yds) {yds)
133 H 11-8 3 210 - Roark 1700 s 3250 k2 D(5) 3 11-9 2 065 - Fillissey 2730 SM 3250
135 haiy 11-8 5 210 s Klooz 2bkoo sc 1950 144 D(5)3 -9 ) 065 T Tuckex 3680 o 2300
137 S 11-8 7 210 - Louderback 2800 s8¢ 3900 16 p(5)] 11-9 6 065 - Miller 4450 SM 3 3;(2
139 S 11-8 9 210 - Zachmann 2400 s¢ 4200 148 D(10)] 11-9 8 065 - Courtney 4500 sM 13
150 D(10)j 11-26 2 065 - Lemontagne 2500 sM 4100
154 D(5)k 11-27 1 210 - Ritter 4900 56 4750 i . ~ jeuwssm o - 5500
156 D(5)k 11-27 3 210 = Shoemaker 5150 SC 4600 o S ! o
SUMMARY OF OCCURRENCE OF SIGNIFICANT “F" VALUES ON DISCRIMINATIONS E SUMMARY OF OCCURREKCE OF SIGNIFICANT “F VALUES 8§32§§2§smmum“smstruments
IEOJ. Sisz}.mg; 1% |Not sngegvem 1 ot gril:?)m;emsu _@suz. 5¢ 1% INot Sig. 5% 1% M&_ﬁ'__l%_
Target 1G and 100 2 2 2 4 Target 1G and 100 2 1 L @
Other Discriminations 1 3 9 2 1 3 10 Other Diecriminstions 12 1 4 b9
= Totel Diseriminations Calculable 15 6 15 Total Discriminations Calculable 15 6 T
Total Discriminations Observed 15 15 15 Total Discriminations Observed 15 15 15 .
Closest Discrimination Calculadle: 7-PI Closest Discrimination Calculable: T7-PI
. ATION
piecriminstion MeaﬁRgﬁgrgg;ﬁ%%icziglggtfog nggi ggigz%?g?rrgggcrimination Mean Range(yds Discrimination Me&ﬁR%'z‘i;iggtiog HHMGE}: gggﬁ{?ﬂ) Discrininetion Hean Rangs(yds
1-G 6958 h-c 3200 7-G 2168 1-¢ 8947 6-G 2895
1-100 6125 4-100 2ls2 7-100 1707 1-100 7013 6-100 2493
1-PI 4083 4-p1 1805 7-PI 1363 ' S 1165 6-PT 1760
3¢ 3942 &e 2h77 q 3-6 1288 7-G 1980 .
3-100 3225 6-100 2080 __ 3-100 3515 7-100 1760
3-PI 2200 6-PI 1462 3-P1 2288 7-PI 417
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APPENDIX C
FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT T7-46
— 7
DATA ON RUNS FOR SET PG DATA 0N RUNS FOR SEm VD
SUMMARY OF INSTRUMENTS
- - SUMMARY OF INSTRUMENTS _ G0% RRP 50% RRP Thstruments TosToion ST TP TR
; nstrumen
1 7x50x7 HH 408395 3 72.8 100.0 1. 7x50x7 HH 408395 1 96.0 115.0
. 1.
2. 20x120x3 - 4 149.0 187.5 2. 7x50x7 HH 259904 2 60.0 91.5
. ' 101.0
. . . 107.0
3? 4, 10x80x7 - 5 85.0 11%.0 i, 7x50x7 HH 408385 b4 75.0 T
L 408389 5 53.5 85.5
v 5. 21x76x2.8 - 1 80.0 110.0 5 7x50x7 HH :
- . 66.0 97.
i 6.  16x96x3.2 - 6 85.5 115.0 6.  7x50x7 HH 259902 6
RANGES *
g bserver Target Search Search
Runs  Simult Date No. on Course Wind Observer Target Search Search Runs _ Simult. Date No,ton Course wWind geZi? e Toree N R
. Sect. G 3~100 Target Range Set Date res % e Range
ot oeve Range(yds) (y3§) ng
- 4480 sC -
134 H1 11-8 4 065 w Myers 2150 SM 2400 9l wg-1 10-11 3 210 Roark
- 690 SC -
136 H1 11-8 065 W Rice 2330 SM 4500 96 wg-1 10-11 5 210 Klooz 369
- derback 2000 SC -
138 - 11-8 8 065 ¥  Milling 1630 SM 3800 08 Wg-2 10-11 7 210 Lauderbac u .
- Rister 000 sC
140 - 11-8 10 065 W  Pusateri 2930 SM 5050 99 Wg-2 11-1 1 210 Lot 6 * oo
- Zachmann 3650
155 D(5)m 11-27 2 065 W Staton 4330 SM 3700 101 wg-2 11-1 3 210 .
- 11-1° 7 210 Shoemaker 4200 sC 5
157 D(S)m 11-27 4 065 W Foley 1800 SM 2400 105

SUMMARY OF OCCURRENCE OF SIGNTFICANT "F" VA

\LUES ON DISCRIMINATIONS
Runs Observers
Not Sig. 5¢ 1% [Not Sig. 5% 1%
Target 1G and 100 1 2 2 2
Other Discriminations 2 6 4 1 3 4 5
Total Discriminations Calculable 10 7 10
Total Discriminations Observed 10 10 10

Closest Discrimination Calculeble: 5-G

ARTTHMETIC MEANS 7 x 50 x ;!

BY DISCRIMINATION

Discrimination Mean Range (yds

1-G 6422
1-100 6008
1-PI 3788
3-a 3938
3-100 3028
3-P1 1967

Discrimination Me

4-g
4-100
4-p1
6-¢
6-100
6-p1

3423
2847
2003

2222
1585

266

&n Range(yds})

7-G
7-100
7-PT

iscrimination Mean Range(yds

2448
1752
1327

|
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*Peken from Position 3.

TLUES ON DISCRIMINATIONS

Discrimination

Mean Range(yds)

nptt
SUMMARY OF OCCURRENCE OFI SIGNIF}IzgﬁIgT F"_VA s TrSTrumsEts
__Not sig. 58 1% [Not Sig. 5% 1%, hot Slg. 5% 1%
2
2 2
Terget 1G and 100 , ”
2
Other Discriminations 8 - —
2
Total Discriminations Calculable 1 . -
Total Discriminations Observed 12
Closest Discrimination Calculable: 5-PI
TON
ARITHMETIC MEANS 7 X 50 x 7 HE BV DISCRIMmATDiscrimination Mean Range(yds

Discrimination Mean Range{yds 4499
1-G 7223 4-G )
1-100 6557 #-100 38k
1-PI 4713 4P 3159
3-G 1828 6-G 3238
3-100 4065 6100 o
551 2952 6-PT 2070

N
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FISLD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46
DATA ON RUNS FOR SETVE

instruments SUMHARL_OF INSTRU;IEXQEiion G0% RRP 50% RRP ]
1.  7x50x7 HH 408395 1 88.0 101.8
2. 7x50x7 M 259904 2 o) 97.0
3. 7x50x7 HH 408382 3 92.5 103.3
Y. 7x50x7 HH 408385 4 86.8 99.0
5 7x50x7 HH 408389 5 93.5 10%.0
6.  7x50x7 HH 259902 6 83.0 9%.0
Runs  Simult. Date No. on  Course Mﬁ?ﬁ(sl Observer Target Search Searc
Set Date Sect, B 3-100 Target Range
Range (yds) (yds)
93  Wn-1 10-11 2 065 - Rice 2580 sH -
95  Wh-1 10-11 4 065 = Webb %080 sM =
97  Wh-1 10-11 6 065 - Myers 3600 SM =
100 Wh-2 11-1 2 065 s Farone 4400 sM -
102  Wh-2 11-1 y 065 - Shook kooo sM -
106  Wh-2 11-1 8 065 - Nixon 4500 SM =
SUMMARY OF OCCURRENCE OF SIGNIFICANT "#" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% INot Sig. 5% 1% INot Sig. 5% 1%
Tsrget 1G snd 100 2 2 2
Other Discriminstions 8 2 1 1 5 10
Totsl Discriminstions Cslculable 12 9 12
Totsl Discriminstions Observed 12 12 12

iClosast Discri=instion Calculable:

5-PI

ARTTHMRTIC MRANS

[Diseri=ization Mean Renge(7ds) [Discrimination  Mean Range (yds)
-G 7723 k-g lo22
3-100 7612 4-100 3%95
i-77 xx78 4-rr 2250
3-¢ 5297 &G 2700
3-100 5322 6-100 1932
3-71 2203 6-F1 1378

7 x 50 x 7 HH BY DISCRIMINATION

iscrimination. Mean Range(yds

268
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I APPENDIX C
DATA ON RUNS FOR SET aa-1
SUMMARY OF INS TROMENTS
—’__' Instruments Position 90% RRP 508 RRP |
1 7x50x7 M ) varied 75.0 100.0
2 7x50x10 HH Mz5069 Tarien 73.0 STae
3 7x50x10 HH(HR) BG-831 varied 79.0 103.0
i,
5.
6
RANGES
Runs Simult. Date No. on Course Wind Observer Target 3earch Search
Set Date Sect. =a 3-100 Target Range
Renge(yds) (yds)
48 MA 10-5 1 210 Zink 1700 sc 4000
50 MA 10-5 210 Lemontagne 3500 sC 4420
52 MA 10-5 210 Phillips 1980 SM -
SUMMARY OF OCCURRENCE OF SIGNIFICANT “F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5 1% INot Sig. 57 3 ot Sig, 1
Terget 1G and 100 2 2 G
Other Discriminations 4 4 4
Total Discriminations Calculable 6
Total Discriminations Observed
Closest Discrimiration Calculable: 3 FI
- TMINATION
ARITHMETIC MEANS X 50 x HH BY DISCRIMI i
Discrimination Mean III&nge(yds) Tiscrimination Moan Range(yds) piscrimination Mean Range(y
1-0 7267 3-6 3600
1-100 6200 3-100 2393
1-P1 2950 3-PI 1767
6-G 2067 6-PI 1060
3 (6x6 B1k)100 1590

RESTRICTED
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT T7-46

DATA ON RUNS FOR SET As-2
S SUMMARY OF Iusmurggﬁion ST SRR
1. 7x50x7 HH - varied 82.0 100.0
2.  7x50x10 HH MZ5069 varied 92.0 106.0
3.  7x50x10 HH(HR) BG-831 varied 87.0 97.0
4. .
5.
6. .
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect, a 3-100 Target Range
Range(yds) (yds)
54 MA - 10-5 7 065 - Zink 2600 SM 3370
2 MA 10-9 1 210 W Lemontegne 3200 sC -
78 MA 10-9 7 065 - Philiips 3550 SM 4250
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instrumsnts
Not Sig. 5% 1% |Not Sig, 5% 1%
Target 1G and 100 1 1 2 2
Other Discriminstions 3 1 i -
Total Discriminations Calculable
Total Discriminations Observed 6 6

Closest Discriminastion Calculable:

3-PI

X 50 x 7 HH BY DISCRIMINATION

: ARITHMETIC MEANS
Discrimination Mean Range(yds)‘lﬁﬁ%mination Mean Renge(yds] [pIscrimination Mean Range(yas
1-G 7033 6-G 2737
1-100 6967 6-100 2193
1-P1 3700 6-P1 1623
3-G 3900
3-100 3117
3-PI- 1963
\
270
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DATA ON RUNS FOR SET Ab-l
SUMMARY OF INSTRUMENTS .
Instruments Position 90% RRP 50% RRP
p, 7x50x7 HH - varied 81.0 100.0
,. 7x50x10 HH Mz5069 varied 89.0 105.0
3. 7x50x10 HH(HR)  BG-831 varied 82.0 95.0
b,
5.
6.
= T t Search Search
wWind Observer arge
Rais  Somgtc. pave N%;ltgn gourse Sect. b 3-100 Target Renge
Set Range(yds) (yds)
49 MB 10-5 2 065 - Brazil 2900 SM 2980
51 MB 10-5 i 065 - Brown 2200 sM -
53 MB 10-5 6 210 W Hambrick 1310 sc 2920
) g ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGNE%EQ}:T F" VALUES T Instents ;
Not sig. 5% 1% |Not Sig. 5% g. 5%
2
1
Target 1G and 100 1 8 N
6 2 1
Other Discriminastions 7 1 1 —
11
Total Discriminations Calculable 11 s
15
Total Discriminations Observed 15

Closest Discrimination Celculable:

6-PI

ARITHMEZIC M x 20 X M = gggg ygs TIggcrimination Mean Range (yds
tion Mean
Discriminetion Mean Range(yds) |[Discrimina

1-¢ 6477 6-G 2510
1-100 5357 6-100 2043
1-PI 3400 6-FI 2463
3-G 3110 7-G 1300
3-100 2203 7-100 1223
3-P1 1780 7-P1 1077
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-44

DATA ON RUNS FOR SET ab-2
e SUMMARY OF INSTRU;‘IEI:E?AOH SO RAP S0% RAF
1. 7x50x7 HH - varied 75.0 100.0
2. 7x50x10 HH HZR069 varied 85.0 104.0
3. 7x50x10 HH (HR) BG-8531 varied 90.0 110.0
4.
5.
6. 4
RANGES
Runs Simult. Date No. on  Course Wind Observer Target Search Sesrch
Set Date .Sect. b 3-100 Target Range
__Range(yds) (yds)
55 MB 10-5 8 210 W Brazil 2330 sc %000
73 MB 10-9 2 065 — Hambrick 2690 SM 4000
75 MB 10-9 4 065 —-- Brown 2700 SM 4000
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F! VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 59 1% [Not Sig, 5% 1
Target 1G and 100 1 1 2
Other Discriminations 6 3 9 9
Total Discriminations Calculable 11 11 11
Total Discriminations Observed 15 15 15

Closest Discrimination Calculable: & PI

ARITHMBTIC MEANS 7 x 50 x 7_HH BY DISCRIMINATION

Discrinminetion Mean Range (yds

-G 417 4-¢
1-130 7200 4-100
=FI 3920 4-p1
-3 3693 6-c
3=l 2573 6-100
i-=z 2077 ©-PI

) ]Discriminanj.on Mean Range(yds)

2253
2010

iscrimination Mean Range(yds

272
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APPENDIX C

DATA ON RUNS FOR SET pe-l
SUMMARY OF INSTRUMENTS
Instruments Positicrn 90% RRP 50% RRP
1. 7x50x7 HH - varied 83.0 100.0
o,  Tx50x10 HH - varied 90.0 106.0
3. 7x50x10 HH(HR) - varied 112.0 143.0
i,
5.
6.
RANGES
Wind Target Search Search
Runs Simult. Date Nlo)étgn Course (S)Z:if-veg Toree o vt Binge
set Range(yds) (yds)
40 - 10-21 1 210 Sagaser 1400
42 M(1)D 10-4 3 210 Stroud 1200
4y M(1)D 10-4 5 210 Cole 1850
T N nan S ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGHIFggﬁl:T 7 VALUE bserens Instrumentsl%
Not Sig. 5% 1% [Not sig. 5% 1% [Not Sig. 5%
1 1 2
Target 1G and 100 2 .
2 e
Other Discriminations 3 1 - p
Total Discriminations Calculable 6 : .
; 9
Total Discriminations Observed 9
Closest Discrimination Calculable: 4-PI
NATION
ARTTHMETIC MEANS 7 Xx 50 X T ngﬁ gﬁg:?;és) Discrimination Mean Range(yds
Discrimination Mean Range(yds) Discrimination
1-G 6197
1-100 5977
1-PI 3030
3-G 1583
3-100 1483
3~P1 1120
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-l4¢

DATA ON RUNS FOR SET Ac-2
S SUMMARY_OF Insmnugggfiion SO T
L. 7xSox7 HH - varied 72.0 100.0
2. 7x50x10 HE - varied - 69.0
3. 7x50x10 HHR - varied 52.0 84.0
i,
5.
6.
RANGES
Runs Simuit. Date No. Course ¥ind Observer Target Search Search
Set Date Sect. ¢ 3-100 Target Range
Range(yds) {yds)
46 ¥(1)D 10-% 7 210 W Sagaser 3100 - -
56 M(1)Dp 10-7 1 210 W Cole 2140 sC 1250
58 M(1)D 10-7 3 210 W Stroud 2150 - -
SUMMARY OF OCCURRENCE OF SIGNIFICANT "P" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
ot Sig, 32 1% INot Sig. 5% 1 ot Sig. 5% 14
Target 1G and 100 2 2 £F 2
Other Discriminations 5 5 5
Totel Discriminations Calculeble 7
Total Discriminations Observed 9 9

Closest Discrimination Calculable: 4-PT

1-¢ 5667
1-100 4893
1-PI 2427
3-G 2783
3-100 2463
3-PI 1420

ARTTHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION

4G
4-100
L-pT

Discrimination Mean Range(yds Discrimination Mean Range(yds)

2390
2030
1097

iscrimination Mean Range(yds
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DATA ON RUNS FOR S E T Ag-1
SUMMARY OF_INSTRUMENTS
Instruments Po: .t ion 507 RED S5 TRP
1. 7x50x7 HH = varied 71.0 100.0
2. 7x50x10 HH - varied 69.0 98.5
3. 7x50x10 HH(HR) - varied 85.0 114.0
4.
5.
6.
RANGES = s h S 5
t. Date No. on  Course Wind Observer arget earc earc
. Séxg‘él Date Sect. d 3-100 Target Range
Renge(yds) (yds)
B M(1) E 10-4 2 065 - Venski 2850 - -
43 M(1) B 10-4 4 065 - Saidikowskl 2330 - -
45 M(1) B 10-4 6 065 - Vedovato 3450 - -
"F" VALUES ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OFI SIGNIFggﬁIsIT F e TSTruTonts
[fot Sig, 5% 1% |Not Sig, 5% 1% [Not Sig. 56 1%
2 2
Target 1G end 100 1 1
12 1 13
Other Discriminations 12 1
15 15 15
Total Discriminations Calculable
15 15 15
Total Discriminations Observed

Closest Discrimination Calculable:

6 P

ARTTHMETIC MEANS 7 X 50 X T

HH BY DISCRIMINATION

1-G 8oko
1-100 7267
1-PY ya7
3-G k927
3-100 2877
3-PI irer

Discriminetion Mean Range(yds) [piscrimination

LG
4-100
4-PI1
6=~G
6100
6-PI

A}
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77y

DATA ON RUNS FOR SET Ad-2
SUMMARY OF INSTRUMENTS
Thstroments Position 90%_RRP 50% RRP
i 7X50x7 HH - varied 83.0 100.0
2. 7x50x10 HH - varied 82.0 94,0
3. 7x50x10 HH(HR) - varied 82.0 95.5
b,
5.
6.
RANGES T t Search Search
. Date No. on Course Wind Observer 'arge C
Runs Sé?ﬁ“ Date Sect. d 3-100 Target Renge
Range (yds) (yds)
47 M(1)E 10-4 8 055 - Venski 2560 - -
57 MQ1)E 10-7 2 065 - Saidikowski 34co SM -
59 M(1)R 10-7 Y 065 - Vedovato 2600 SM -
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Qbservers Instruments
Not Sig. 5% 1% [Not Sig. 5% 1 ot Sig. 5 1
Target 1G snd 100 1 1 2 2
Other Discriminations 12 1 11 2 13
Totsl Diseriminstions Caleuleble 15 15 15
Total Dlseriminstions Observed 15 15 15
Closest Discrinmination Calculedle: 6 PI
ARTTHMETIC MRANS 7 x 50 x 7 HH BY DISCRIMINATION
Diserizinstion Mean Range(yds) ]Discriminaci on  Mean Range(yds) [Discrimination Mean Range(yds
-3 T34T 4-¢ 3283
=10 e727 4-100 2653
=TI 817 4-py 1850
=z 3650 -G 2770 )
=202 2853 6~ 100 2257
== 1967 6-PI 1610
= |
<7e SESTRICTED
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APPENDIX C
DATA ON RUNS FOR SETD(S)}_
SUMMARY OF INSTRUMENTS
; Instruments Posltion S0% RRP SO RET
L. 7x50xT HE 408395 8 76.0 100.0
2. 9x63x5.7 HH 3464 7 104.0 119.0
3. 9x63x5.7 Mtd. 3463 9 105.0 19.0
.
5.
6.
RANGES ’
Runs Sélg\élc. Date I\I]c-_a)e.1 tgn Course  Wind (s)le)(s:i?vei g'f.i'%(e)c ?‘Zizgt gz§§gh
Range (yds) (yds) |
143 P(1)A 11-9 3 210 W Hughs 1650 sc 2350
145 P(1)a 11-9 5 210 W Bridges 2300 sc 3750
147 P(1l)A 11-9 7 210 W Farone 2400 3C 3500
SUMMARY OF OCCURRENCE 0.=l smnm}r{ggr:a- "F"_VALUES 8%52%323§MINATEONSInscr-umem:s
[Not Sig, 58 1% |Not Sig. 5% 1% [Not Sig. 5% 1%
Target 1G end 100 2 2 2
Other Discriminations « 5 1 1 5 1 1 5 2
Total Discriminatlions Calculable 9 9 ?
Total Discriminations Observed 12 12 12
Closest Discrimination Calculable: 7-PI
ARTTHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMcIiI:AT]I)?rsqcriminacion Mean Range(yds
Discrimination Mean Range(yds) mr
1-G 7850 7-G 3377
1-100 6633 7-100 1577
1-P1 2767 7-PI 1253
3-G 3617
3-100 2117
3-P1 1310
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77.46

e T — T e ke

DATA ON RUNS FOR SETD(5)j
Tnstruments SVIMARY OF Insmuggfiion 90% RRP 50% RRP
1. 7x50x7  HH 408395 8 83.0 100.0
2. 9x63x5.7 HH 3464 7 97.0 109.0
3. 9%63x5.7 Mtd. 3463 9 104.0 118.0
k.
5.
6. ‘J
N RANGES
Runs Séx:glt. Date Ngé on Course  wind gs:if-ve§ g‘f;‘ggt gz;;gg g::;:h
Renge(yds) (yds)
142  pP(1)F 11-9 2 065 Jagelewski 3650 3 3800
14 P(1)F 11-9 . 065 Bamford 2330 M 3250
16  P(1)F 11-9 6 065 Parker 3000 SM 3620
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
[ Runs 1 observers Instruments
Not Sig. 5% l%ﬁTrj&Sig. 5% 1 ot 3ig. 5 1
Target 1G and 100 1 1 2 2
Other Discriminations 9 1 . 8 2 8 2
Total Discriminations Calculable 12 12 12
Total Discriminations Observed 12 12 12
Closest Discrimination Calculable: 7-PI

ARITHMETIC MEANS 7 x 50 x HH BY DISCRIMINATION
Discrimination Mean Range(yds Discrimination Mean Range (yds)
1-G1 8550

G 3120
1-100 6677 100 2583
1-p1 3267 P 1793
3-¢ 4633 ¢ 2577
3-100 2993 100 1910
3-P1 2077 PI 1593

Discrimination Mean Range(yds

278
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DATA ON RUNS FOR SEFT D(5)k
SUMMARY OF INSTRUMENTS
Instruments Position G0% RRP 50% RRP
r
i 7x50x7 HH 408395 7 76.0 100.0
o 9x63x5.7 HH 3464 8 84.0 104.0
3 9x63x5.7 Mtd. 3463 9 81.0 102.0
4.
5.
6.
RANGES
er Target Search Search
Runs Simult. Date Ngé tgn Course  Wind gg::?v r Teree Searon Searc
Set Range(yds) (yds)
154 PD 11-27 1 210 - Barger 2150 SC I170
56 PD 11-27 3 210 - Pauli 4030 3¢ 5450
1 .
58 11-27 5 210 W Stroud 1800 SC 5100
l -
o UES ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGNIF%CuﬁI;T F"_VALI e Inst;m%ents_I%
]lNot; sig. 5% 14 INot Sig. 5% 1€ [Not Sig. 5 1
2
2
1 1
Target 1G and 100 - . 6
1
Other Discriminations 15 - - —
1
Total Discriminstions Calculable . &
18
Total Discriminations Observed
Closest Discrimination Calculable: 7 PI

50 x 7 HH BY DISCRIMINATION

e|yds
ARIM%IC }imgriicz-iginau on Nean Renge(yds) [piscrimination Hean Rangs(y
Range (yds) | 5 2637
rﬁiscrlminacion Mean o 8 - 1467 7-100 "
1-G ou87 = 5 15
9260 5-6 3883 e
1-100
67
1-P1 3267 3100 2:80
>0 Gans by ;m
3-100 2660 6-G i
3-P1 1990 6-100
3 280
4G 4167 L el ;93
4-100 2610 7-G -
279
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FIELD TESTS OF OPTICAL

Y Bt S e o W e, SRS~ P =S

INSTRUMENTS

NAVORD REPORT 7746
ol ]

DATA ON RUNS FOR SET D(10)n
et SUMMARY OF INSTRU;IESCil‘iion S0% HAE AT —
1. 7x50x7 HE 408395 8 76.0 100.0
2. 7x50x10 HE M2Z5069 7 8k.0 96.0
3. 7x50x10 Mtd BG8533 9 85.0 100.0
4.
5.
6.
RANGES 5
Runs 8 gg:gl t. Date N]c;é tgn Course  Wind gg:g;:'ve; gf;‘ggt g:i;gt; gzi;gh
Renge(yds) (vds)
149 P(1)a 11-26 1 210 Farone 3350 SC 5350
151 P(1)A 11-26 3 210 Hughs 1900 sC 3820
153 P(1)a 11-26 5 210 Sagaser 2300 sc 4300
SUMMARY OF OCCURRENCE OF SIGNIFTCANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5 1% INot Sig, 5€ . 1 ot Sig. 5 1
Target 1G and 100 2 2 P2
Other Discriminations 12 1 1 12 2 14
Total Discriminations Calculable 16 16 16
Total Discriminations Observed 18 18 18
Closest Diserimination Calculable: 7 Pr
ARITHMETIC MEANS X 50 x 7 HH BY DISCRIMINATION
Discrimination Mean Range(ycwz\imMcion Mean Renge(yds) Discrimination Mean Range(yds
1-G 9443 4-p1 1600 7-100 1617
1-100 8433 5-G 2633 7-PI 1020
1-PI 3067 5-100 1967
3-G 3610 5-PI 14k0
3-100 2517 6-a 1883
3-PI 1613 6-100 1517
b-G 3910 6-PT -
4-100 2700 7-G 1950
282 RESTRICTED

144599 0 - 47 - 10

APPENDIX C
DATA OX RUNS FoRr SETD(lo)o
SUMMARY OF INSTRUMENTS
_ Instruments Position 90% RRP 50% RRP
1 7x50x7 HH ko83as veried 8.0 100.0
2 7x50x10 HH MZ5069 veried 85.0 96.0
3 7x50x10 Mid. BG8533 verisd 96.0 102.0
b,
5
6
RANGES < -
imilt. Date No. on  Course Wird Observer Terget Searcn earct
Runs Sset; Date Sect, © 3-100 Target Renge
Renge({yds) (7ds)
160 EH 12-8 1 210 W Meadnis - sC 1700
162 EH 12-8 3 210 W Vedoveto - sc 2250
164 EH 12-8 5 210 W Luce 1622 so 1500
E OF PICANT "R" VALUES ON DISCRIMINATIONS
SUMMARY OF OCCURRENC 0‘l SIGNI. R?mrsl e Instz’:':ents
r{ﬁon Sig. 5% 1% llior Sig. 5% 1% Fio: Siz. 5% 1
Terget 1G and 100 2 z =
Other Discriminations 4 1 i = s =
- 7
Total Discriminations Calculable 7
Totel Discriminations Observed 12 -2 +
Closest Discrimiration Calculable: ©6 PI
BY DISCRIMINATICN —
R e T o o N o o o TP
Discrimination Mean Raenge (yds) [Discrimination Mean Rang=(7ds) [
1-6 4397 6-G 170
1-100 2833 6-100 1313
1-PI 1583 6-PI -
4-g 1817
4-100 1513
4-p1 --
SESTFICTED 283



FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-44

DATA OKN RUNS FOR SET D(10)p
SUMMARY OF INSTRUMENTS
Ths STuments Position 90% RRP 50% RRF__
1. 7x50x7 HH 408395 varied 79.0 100.0
2, Tx50x10 HH MZ5069 varied 103.0 117.0
3. 7x50x10 Mtd. BT6826 9 103.0 117.0
§. ’
5.
R
= STt RANGES
ns ult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. p 3-100 Target Range
Range(yds) (7ds)
161 BJ 12-8 2 065 - Stanley 1800 SM 1630
163 By 12-8 y 085 - Lemaster 1650 SM -
1835 hh ) 12-8 6 055 - Strickland 2100 SM 3500
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VAIUES ON DISCRIMINATIONS
Runs Observers Instrument
Not Sig. 5% 1% [Not Sig. 5% 1% Not sig, S%Hn sl%
farget 16 and 100 2 2 2
Othar Discriminstions 10 10 [0} ¢
1
T0tsl Discriminstions Cslculable 12 12
12
Totsl Diserizinstions Observed 12 12
k 12
Ciosest Diserimination Calculsble: § P
ARITHMEDIC MBANS 7 x 50 x 7 HH BY D \.
IDiscrizinsticn Msan Range(5ds) [Dfseriminstion Mean RgiCRIMghATION
gelyds) Piscrimination Mean Renge(yas
Tan ¥ oA
i-G 853 4-100 1767
I-300 =377 ¥-F1 1120
1-71 iz oG 1950
3-G 1850 £-100 1767
3-1a0 2830 5
-1 2830 ©-PY 1120
2-27 2382
-3 2533
= <X
|

bz
o
e

R o T s . gy e B oy s

= SOTEMEIHFVANEC AT ma ATt s S S e -
APPENDIX C
DATA ON RUNS FOR SETD(12)o
SUMMARY OF INSTRUMENTS
Instruments Position O0% RRP 50% RRP
1. 7x50x7 HH 408395 varied - 100.0
o, 6x42x12 HH - varied - -
3. 6x42x12 Mtd. - varied - -
4,
5.
6.
RANGES 5 -
Runs Sé:glt. Date Ngétgn Course  Wind gz:i?vif gfiggt gzizgt gzgzg
_ Range(yds) (yds)
166 EH 12-8 7 210 Luce 1500 sC -
169 EH 12-9 210 Meadnis - SM 1300
171 EH 12-9 4 210 Vedovato - sC 1250
SUMMARY OF OCCURRENCE OF SIGNIFégﬁET "RY_VALUES 8§3£§§2§§MI“ATIONSInstrumsnts
Not Sig. 5% 1% |Not sig. 5% 14 [Not Sig. S 1

Yarget 1G and 100
Other Discriminations

Total Discriminations Calculable
Total Discriminations Observed

Closest Discrimination Calculable:

Discrimination Mean Range(yds
3590

3480

1683

3-G -

3-100 -

1-G
1-100
1-PI

3-P1 -

iscrimination

RESTRICTED
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-46

DATA ON RUNS FOR SETD(12)p
SUMMARY OF INSTRUMENTS
Instruments Position G0% RRP 50% RRP
7x50x7 HH 408395 varied - 100.0
6x42x12 HH - varied - -
3. 6x42x12 Mtd. - varied - -
4,
5.
6.
RANGES
Runs — Simult. Date No. on  Course Wind Observer Target Search Search
Set Date Sect.p 3-100 Target Range
Range(yds) (yds)
167 EJ 12-8 8 065 - Lemaster 2100 SM 4050
168 BEJ 12-9 1 065 - Stanley 1430 sC 1400
170 B 12-9 3 065 - Strickland 2700 SM -
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% INot Sig. 5% T

Target 1G and 100

Other Discriminations

Total Discriminations Calculable

Total Discriminations Observed

Closest Discrimination Calculable:

ARITHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION

1-G
1-100
1-PI
3-a
3-100
3-pPI

Discrimination Mean Range(yds) [Discrimination  Méan Range(yds)

3350
2733
2167
2250
2077

iscrimination Mean Range(yds

]

286
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APPENDIX C

e ——
DATA ON RUNS FOR SETD(12)g
SUMMARY OF INSTRUMENTS
— Instruments Position 90% RRP 50% RRP
i 7x50x7 HH 408395 8 . 100.0
R 6xiex12 HH - 7 _ _
3 6xh2x12 Mtd. 3 - ) )
4.
5.
6
i h Search
Runs s;.x:télt;. Date N]ga;. tgn Course wWind gl;:?ger g‘e;ggt %Ziggt; RZﬁge
Range(yds) (yds)
173 Ep 12-9 210 W  Hughs - sC 4500
175 Ep i2-9 210 W staton - sc -
177 Ep 12-9 10 210 W  Anderson 1700 sc 4070
SUMMARY OF OCCURRENCE OFI SIGNIF}I}%;?:T 'R VALUES ggsgiggiszATmNsInst;rument;s
[Not sig. 5% 14 [Not Sig. 5% 1 ot _sSig.

Target 1G and 100
Other Discriminations

Total Discriminations Calculable

Total Discriminations Observed

Closest Discrimination Calculable:

ARITHMETIC Msgggcrimination Mean Renge{yds) [D

HH BY DISCRIMINATION

x 50 X

Discrimination Mean Range(yds
1-G 1900
1-100 2727
1-PI 2377
3-6 -
3-100 -
3-PI -
L
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FIKLD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-1¢ APPENDIX ©
DATA ON RUNS FOR SE
DATA ON RUNS FOR SET D(1R)r T Ep
SUMMARY OF INSTRUMENTS SUMMARY OF INSTRUMENTS
Instruments Position Q
Instrumsnts Position GO%Z RRP 50% RRP 90% RRP S0% _RRP
: e sxeoxr om 48395 8 - 100.0 1. 6x33x7 2
i
AN ex¥OxlS HH - 7 - - o, 6x50x7 3 Not sufficient data
3, oxlosdo Mt - 9 - - 3. 6xiex7 5
N, 4.
LN 5.
S 6.
RANGES RARGES t Search Search
any a{.::‘.lt. At No. on course  wind Observer Target Search Search Runs  Simult. Dete N%éton BOBERE SIS g?ii”}f 7 gﬁ%g T:rget Range
St Date sect. 1 3-100 Target Range Set ' € ) Renge(yds) (yds)
Rence(yds) (zds)
T s PSR A 065 - Roark 1250 sy 2109 173 Dl2q 12-9 210 L Lemaster - sC -
T s 1= = 083 - Naumann 1L20 sy _ 175 D12q 12-9 210 L stanley - 8C -
N~ \s bR < 2383 _ Filissey 1820 sy 3mzn 177 D12q 12-9 10 210 W Strickland - sSC -
i .
s
N — e o . . o TMINATIONS
STMNASY OF SOCUSSSNOS OF STGNFPICANT " VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE opl smunéggxsw "F" VALUES 8%32%32?3““ TS
— SunS Observers i Instru=sto ~ ot _Sig. 5 1
- ST Ste. 5 1% INot Sip. 5% 3% ot Sis. 5% 1F 4’@312- 5% 1% [Not sig. 5% .1
TRAT I3 R0l LW Target 1G and 100
Sehow ™o amisminamd am N.S.D.
SIXRT Nsomininations Other Discriminations
AR M aMimimzetams N aw} '™
SURA ASINMELTAiIns Isiruishis Total Discriminations Celculable
A A R D Ry ey W oS
ST e TITTIIAITY sl Totel Discriminations Observed
L0898 TLRTIRSANIT I8loutsNe: :
Z‘ s ® RILIT ISIIuise Closest Discrimination Calculable:
ATITEMETIS XD x A0 x T § SV PISe . RIMINATION
ST S S s e S DISCADIKATION ARITHMETIC MEANS T X 203 B B e 7ds) plscrimination Meen nange(yds
~ ~RLISn Wean Range(ydsY Piscrizicecicn  Vess Fsoge'Fisd Discriminetion Mean Range(yds) |Discriminatl
-3 Nz
PO\ RENN ] .
=3 - N.8.D.
=X -
- L [
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FPIBLD TESTS OF OFTICAL INSTRUMENTS

NAVORD REPORT 77-4g

DATA oON RUNS FOR SET Fa-l
SUMMARY OF INSTRUMENTS
Instrumants Position G0% RRP 50% RRP
XA RN - varied 84.0 100.0
AN xS HE-2Q) 212187 varied 96.0 113.0
8 [0S HE-OQY - varied 101.0 105.0
’ ¥,
:\\
S
. — RANGES
r ]IS/ ATEEY AT, - Jdurse wWind Observer Target Search Seerch
! [t DaTe Sect. & 3-100 Terget Renge
. Range(yds) (zds)
= PR N Jo] w Zink 150 SC -
AN s S see s “~
LN ity 230 W Lemontagne 2750 SC 5200
NS = o= 2 S&R
2 JoF - Phillips 5300 SM -

o SONTERIXR “f STSRIFINAND "S” VATDERS ON DISCRIMIKATIONS
Observers

Iuns

S. 2% 1%

ISstrezsst
Not Sic. 5% 1T!ﬁ Siz. 5% iZ

bty
[1¥)

2

e R -
NIRRT SASDimATRTS . N 2 Ny Q 1 S
< - s = i

A T R ey - e N "
ATNRL GEITIRLTRIANDE J8INIAas iy 12

Py 2 .s

™ e Bt S ~ -

SUTRL S SOTLmOnRTLIATE JTsITTaa o 12

. 2 -

N .
- Q,‘
SESINA 3
= -3
=2 SN
= +.3”
=Tl NN

£

ange {yda’

<

-~ s
N

~v -

N .
>0 L

Cen Sann
S A RN
Nl el

Y TISORIMINATION
K

isorizinsTics

APPENDIX C

—
DATA ON RUNS FOR BS8ETFa-2
SUMMARY OF JINSTRUMENTS
Ingtruments Position 90% RRP 50% RRP
1. 7x50x7 HH - varied 83.0 100.0
b, 8x60x9 HH(-1d) 2111187 varied 97.0 106.0
3. 8x60x9 HH(-2d) - varied 101.0 108.0
|4
5.
6.
RANGES -
Runs sél;‘élt. Date N%é tgn Course Wind gg:ix.-ve: %‘f{ggt ;:z;;g}; %:z;:g
Range(yds) (yds) |
86 BB 10-10 4 065 - Phillips 3600 ' SM -
83 BB 10-10 6 065 - Zink 4200 SC -
104 BB 11-1 6 065 - Lamontagne 3900 sM -

TUES ON DISCR

npy IMINATIONS
SUMMARY OF OCCURRENCE OF smnw}ggﬁg’r F" VA Observersﬁln“mentsl
ot Si. 5% 1% [Not Sig. 5% 1% [ot Sig. 0
2 2
Target 1G and 100 2 »
10
Other Discriminations 7 2 1 12
12
Total Discriminations Calculable 12 L
12
Total Discriminations Observed 12
Closest Discrimination Calculable: 6-PI

Discrimination Mean Range(yds) D1
1-¢ 8227 4-G st
1-100 8227 4-100 3183
1-PI 5683 4-PT 2527
3-G 5900 &-¢ 340
3-100 3900 6-100 2860
3-P1 2677 o=kl 2383
.
RESTRICTED 2oL
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FIELD TESTS OF QPTICAL INSTRUMENTS

NAVORD REPORT 77-46

APPENDIX C

S E T Fb-1
SUMMARY OF INSTRUMENTS
50% RRP 50Z RRP
78.0 100.0
2. 8x60x7(~1d) HH 74.0 97.0
3. S8x60x7(-2d) HH 84.0 104.0
LN
2.
Observer Target Search
Sect. b 3-100 Range
Range(yds) (zds)
RN 4200 4670
&2 2200 -
N 1800 3820
CF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Not sgﬁfeﬁéers i%¥_ fot §?ifr§§entslg

Aoy o ww N2

Closest Discrimination Calculable:

/
ON RUNS Fbe2
SUMMARY OF INSTRUMENTS
— instruments 00% RRP 50% RRP
7x50x7 HH - 7.0 100.0
60I H}i(-ld) 2111]87 90_0 109.0
8x60x9
8x60x9 HH(-2d) - 83.0 103.0
A T t E) h Search
Course wWind arge earc
fune sél:‘élt. pate 3-100 Target Renge
Range(yds) (yds)
89 BA 10-10 065 2400 SM -
91 BA 10-10 065 4000 SM 3830
103 BA 11-1 210 - 2480 sC 3600
ngn VALUES ON_DISCRIMINA
OF OCCURRENCE 0F SIGNLEFMTE——1"gpervers
ot Sig. 5% ot Sig. 5% ot sig. 5% 1%
1 2
Terget 1G and 100 1
1 10
Other Discriminations 10
12
Total Discriminations Calculable 12 2
2 i2
Totel Discriminations Observed 12 1
6 PI

_FH BY DISCRIMINATION

Range (yds)

]

Tee s

Ll
"

!
fr

/
l,'
"
vy

(i

rof

iscrimination

Mesan Range{7ds

¢

L

Discrimination

1-G
1-100
1-PI
3-G
3-100
3-P1

Mean Range(yds)

8110
8083
5450
3667
2960
1960

ARITHMETIC MEANS 7 X 50 x 7 HH BY DISCRIMINAT

Di scrimination

6~-G
6-100
6-P1

RESTRICTED
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FYRID TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 APPENDIX C
4/
DATA ON RUNS FOR SET Fel DATA ON RUNS FOR SET Fe-2
SUMMARY OF INSTRUMENTS
SUMMARY OF INSTRUMENTS
Instruments Position G0% RRP 50% RRP Instruments Position 50% RRP 50% RRP
1. 7xS0x7 I - varied 76.0 100.0 1. 7x50xT HH - Mt 82.0 100.0
2. 8xo0x® HH(-1d) 2111187 veried 101.0 12%.0 b, B8x60x9 HH(-1d) 2111187 varied 85.0 97.0
N 3. Sxo0x9  HH(-2d) - varied 97.0 119.0 3. 8x60x9 HH(-2d) - varied 86.0 96.0
A, 4.
5.
& 5.
(N 6
R RANGES RANGEgSi b Target Search Search
s Jdmels, Date No. on  Course Wind Observer Target Search Search] Date No. on Course Wi Observer rge ar
re. Runs Simult. -
Set Date Sect. e 3-100 Target Range Set Date Sect. Raigi(()gds) Target Ragge
Range (yds) (vds)
o N Q-7 \
{1)p 10-7 5 065 W Venski 1780 sC 3000 66 BD 10-8 3 210 W stroud 1430 sc -
e RD 10-7
X =7 7 210 W Stroud 1950 sC 2600 68 BD 10-8 5 210 W Venski 1300 sc 2600
e D -3 .
0 1 210 W Saidikowski 1390 sC - 70 8D 10-8 7 210 W Saidikowskl 1680 sc -
SUMMARY 02 Q20URRENC .
MARY OF COOURRENCE MLSIGNIF§CANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIF%““ " VALUES ggsg%gg“mmIONSIH“MB““
uns Observers 3 uns X 1
%E&Six. 5% 1% [Not Sig. 58 % 5 ot SLE. 1 ot Sig. 5% 1% Mot 51
Target 1§ and 12 1 1 2 2 2 2
2 Target 1G and 100
Cther Disextzinastons 6 6 . 5 1 - 6 ! !
= 3 Other Discriminations
Lol Ilsoximinstions dslouwlsdle 8 8 9 9 9
8 Total Discriminations Calculable
Tetal DEisorintiazions Ohsarvaed 9 9 9 9
9 3 Total Discriminations Observed
O Jeeet ITRserimizasion JalaoulsMe: 4 PI
Closest Diserimination Calculable: H4-PI
ARTTENIOTY MRANS : ’
LRaerialmils s Sﬁ‘s;\sdaﬁj\n:az-.tx‘:lggc?uxfn ":4[ Ry IUTSCRTMTNATION ARITHMETIC MEANS 7 x 50 x 7 HH BY lf?ﬁg??g”mcnmmuon Mean Renge(yds
; e e atn Rango (ydo) isoriminstion  Wess Senge (735 Discriminetion Mean Range{yds piscrimination Mean
P o~ Y-q 16HO 1-G 3570 b-6 1900
NN N (SR
; -¢ ~ %100 Vi 1-100 2817 4-100 1427
S 5 SN .
|o=T- -~ - . 18
| ae : 1-PI 1563 4-PI 1183
R Sl i
E 20 i 3-G 1527 .
. | 3-100 1470
i N
| 3-PI 1240
|
L o Mbﬁf—
ol
szsrEIIE RESTRICTED 29
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT T7-46
DATA ON RUNS FOR SET Ff-1
SUMMARY OF INSTRUMERTS
Tnstroments Position 90% RRP 50%_RRP
. 7x50x7 HH 259898 varied 73.0 100.0
2. 8x60x9 HH(-1d] 2111187 varied 83.0 93.0
3. 8x60x9 HH(-2d4) - varied 101.0 107.0
k.
5.
6.
RANGES
Runs  Simult. Date No. on Course VWind Observer Target Search Search
Sat Date Sect. 3-100 Target Range
Range{yds) (yds)
61 B8 10-7 6 065 - Farone 1%00 SM 2300
S B3 10-7 8 065 - Sagaser 2300 SM 2500
65 B3 10-8 2 065 - Vedovato 1610 SM 2300
SUMMARY OF QCCURRSNCE OF SIGNIFICANT "F" VALUES ON_DISCRIMINATIONS
- Runs observers Instruments
ot Sig. 5 1 Not Sig. 5
Target 16 sand 100 2 2
Other Discriminations 12 1 13 13
Total Discrininstions Calculsble 15 15 15
a3 ™oin 3.
Totsl Diserdiminstions Observed 15 15 15

IClosest Discriminstion Cslculsble: 6-PI

ARITEMSTIC MEANS

T x 50 x 7 HH BY DISCRIMINATION

piseriminstion  Nesn Rsngs{yds) Discrininstion  Mean Range(yds) Discrimination Mean Range(yds
e 587 4G 2167
-1 ‘ e 4-100 1733
RS 2433 k-1 1300
s #153 6-¢ 1977
310 iTeT 6-100 1500
I e 6-P1 1127
296 RESTRICTED

Discrimination Mean Range(yds) [Discrimination
1-¢ 4593 4-6
1-100 4027 4-100
1-PI 2100 4-pI
3-G 2760 6-G
3-100 1930 6-100
3-P1 1317 6-P1
S
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ARTTHMETIC MEANS 7 x 50 X 7 HH BY DISCRIMIN.

Moan Range(yds

2060
1780
1200
1747
1567
1250

APPENDIX C
/’—-f
DATA OK RUNS FOR SET Ff-2
SUMMARY OF INSTRUMENTS
Instruments Position 0% RRP 50% P
1 7;(50)(7 HH 259898 varied 83.0 100.0
b 8x60xg HH(-14d) 2111187 varied 91.0 101.0
3 8x60x9 HH(-24) - varied 91.0 100.,0
i,
5.
6.
RANGE?& T t Search Search
Win Gbserver arge
Runs ~ SimLe. bate Nlo)étgn gourse sect. § 3-100 Target Range
Set Range(yds) (yds)
67 BB 10-8 065 - Farone{Cole) 1780 SM 2200
69 BEE 10-8 065 - Vedove to 1610 SM -
71 BE 10-8 065 - Sagaser 2400 SM 2900
on ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGNIF}Izgﬁrsﬂ‘ -E" VALOES Observers Instrumentsl
Not Sig. 7% |Not Sig. 5 1% ot Sig. O
2
2
Target 1G and 100 2 13
1 13
Other Discriminations 12 = T
Total Discriminations Calculable 15 - s
Total Discriminations Observed 15
Closest Discrimination Calculable: 6 PI

yds

N
ggscrlminatlon Ween Range(
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-46

DATA ON RUNS FOR SET Hj
SUMMARY OF INSTRUMENTS
Ins truments Position G0% RRP 50% RRP
1. 7x50x7 HH - varied 60.0 100.0
o, 7x50x10 HH - varied 79.0 104.0
3. 10x50X7 HH - varied 91.0 116.0
L
S
(N
RANGES
Runs  Simult, Date No. on Course Wind Observer Target Search. Search
Set Date Sect. 3-100 Target Range
. Range(yds) (yas)
114 1 QA 11-2 8 065 - Parker 1830 SM -
116 1 (A)F 1.5 2 065 W Bamford 3280 SM 3200
118 1 {a)p  11-~5 4 065 W Jagelewski 4330 SM 2600
SUMMARY OF CCOCURRBNCE OF[ SIGNIFICANT "F" VALUES ON DISCRIMINATTIONS
NOt Sis}-mg; 1% |Not sgg?eg‘%ers 1% [Not g?i.ms%gmsl%
Target 1G& and 120 1 1 1 kA 1 i
Qther Discriminations 3 1 1 5 5
Total Discriminations Csilculable 7 7 7
Total Discrimiratiors Qbsexved 11 11 11
Closest Discrimirvstion Calculable: 5-100
. AR:‘I‘KMETIC MEANS 7 x 50 x 7 HH BY
Di;:;immation Maeaé;::se(yds)mimmation Mean gﬁgg%gg‘?ﬂggcrimnauon Mean Range(yds
2~120 Q133
2-PI 3227
2-G 4433
2-120 314~
3-RI 2053
A3

fo
e
@%

e st s 1y
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APPENDIX C

—
DATA ON RUNS FOR SET H
SUMMARY OF INSTRUMENTS
Ins truments Position 90% RRP 50% RRP
1. 7x50x7 HH - varied 77.0 100.0
2: 7x50x10 HH BT6826 varied 51.0 83.0
] 3. 10x50x7 HH - varied 86.0 106.0
| @
5.
6.
L
:i Runs  Sumult. Date No. on  Course m{}fﬁg gg:ix"vsr %‘e-zi-ggt 3:?;2}; gzigzh
Sot pave Renge(yds) (yas)
] 133 PD 11-8 3 210 - stroud 1400 sc 2550
135 PD 11-8 5 210 - Pauli 1900 sc ezzz
3 133 A - 11-8 1 210 - Barger 1450 sC 2
F OCCURRENCE_OF SIGNIFICANT upt YALUES ON DISCRIMINATIONSInstmmentS :
E— T ovsopvers L Tt
2 2 2
Target 1G and 100 X g .
Other Discriminations - 2 z
Totel Discriminations Calculabdle " "
Total Discriminations Observed 1k o
Closest Discrimination Celculable: 6-100 T ——

e

v DISCRIMINATION ___

Discriming tion Mean

ARITHMETIC
Discrimination Meen Reange(yds
1-G 5200
1-100 3860
1-PY 2397
3-G 2540
3-100 1583
3-PI -
L
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FIELD TESTS OF OPTICAL INSTRUMENTS

NAVORD REPORT 77-4

DATA ON RUNS FOR SET Hi
SUMMARY OF INSTRUMENTS
Instruments Position 0% RRP 20% RRP
i 7x50x7 HH - varied 79.0 100.0
2. 7x50x10 HH BT-6826 varied 91.0 108.0
3. 10x50x7 HH - varied 10%.0 117.0
4,
5.
6.
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. 1 3-100 Target Range
Range(yds) (yds)
134 PG 11-8 065 W Saldikowski 2000 SM 3450
136 PG 11-8 6 065 W Mikolay 3000 SM 3900
1338 - 11-8 2 065 W Vedovato 1300 sc 2250
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% INot sig, 5% 1 ot Sig. 5 1
Target 1G and 100 1 1 2 1 1
Other Discriminations 8 4 10 2 10 2
Total Discriminations Calculable 14 14 14
Total Discriminations Observed 14 14 14
Closest Discrimination Calculable:  6-100

1-100
1-P1
3-G
3-160
3-PI
b-g
4-100

AT

BY DISCRIMINATION

RI’PEMBTICMEANS?XSO::?HH
Discriminstion Mesan Renge (yds
1-G 6593 4-pz

Discrimination Mean Range (yds)

1297

5077 6-¢ 1983

2527 6-100 1343

3117 6-P1 1140

2100 7-G 1283

1570 7-100 1017

2627 7-PI -

1827

300

1scrimination Mean Renge(yds

RESTRICTED

Discrimination Mean Range(yds
1-G 6690
-100
1-100 6010 4
4-PI
1-PT 2880
m=n -G
3-G 3253
6-100
3-100 2348
6-PI
3-P1 1610
301
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AT

BY DISCRIMIN.

x 50 x 7 HH ds

ARITHMETIC Mggzicrimination Mcan Rangely’
4-G 2403

1780
1203
2460
1937
1413

I

APPENDIX C
/
DATA OX RUNS FOR SET Wgl
NSTRUMENTS
SUMMARY OF I MENTS T S—
Ins truments
HH - varied 8%.0 100.0
0x7
- 26 varied 86.0 100.0
7x50x10 HH BT68z
i HH ng" varied 95.0 104.0
42x12
3. 6x
LB
5.
6.
s et Search Search
Iind Observer Targ n o
Tlo. on  Course W : Tieo Teres
Runs Sél;nélt. Date e P i O ng
10-11 1 210 W Venski 1900 sC
N - 2690 sC -
vD 10-11 3 210 - cole 9
’ SC -
g 0-11 5 210 - sagaser 2450
10- 1
96 vD
ONS
np S OR DISCRIMINATI T
P CURRENCE OF SIGHNIFICANT 'R" VALUE o ervers Int = "
SUMMARY OF 0OC Tk - 1 -
i 1% :
16 and 100 1 1 . 10
Target an
8 2 —
Other Discriminations . %
12
Total Discriminations Calculable 12 i
Total Discrimtnations Observed
. 5-PI
Closest Discrimination Calculable: 5 N
ds
gggcrimination Mean Range\y

[
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APPENDIX C

- 1
FIEID TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 .
//
ON RUNS FOR SET Whil
DATA ON RUNS FOR SET Wg-2 DATA
SUMMARY OF INSTRUMENTS
SUMMARY OF INSTRUMENTS ots Position 90% RRP 50% RRP
Instruments Position 90Z RRP 50% RRP Instrume
- varied 80.0 100.0
1 7x50x7 HH - varied 83.0 100, 0 A . 7x50x7 HH
¢ ' : 23 84.0 102.0
, 2. 7x50x10 HH BT6826 varied 79.0 95.0 I 7x50x10 HH BT6826 varis
it ) B ng varied 75.0 92.0
3. 6x42x12 HH B varied 83.0 99.0 5 gx42xl2 HH
L \
5. 5
6. 6'
RANGES RA;T“GES Target Search = Search
Runs Ssi’mult. Date No. on  Course Wind Observer Target Search Search Simult. Date No. on  Course Win gg:i:f-veﬁ 3-100 Target Ragge
et Date Sect. g 3-100 Target Renge Runs set Date renge (yds) {yds
___Range(yds) (yds)
% w3 o-n 7 210 - Venski 2900 sc - 10-11 2 065 - seidikovski 3500 s 3450
- 93 VB B -
9 VD-4 11-1 1 210 - Cole 2550 sC 4100 10-11 y 065 - Stroud 2100 SM
- ‘ 5 VE - o
o Vo5 h-1 3 210 - Sagaser 3080 sc 3900 : ? 10-11 6 065 - Vedovato 2800 s 321
97 VB -
. , E DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGNIF%CANT “F" VALUES ON_DISCRIMINATIONS SUMMARY OF OCCURRENCE OF szc-NIFéCANT VA O ers érixstmmem;sl
uns Observers = uns 7 () >
Not Sig. 5% 1% [Not Sig, 5% 1 l ot 5'1’2?’"5“““““1 ) Not Sig. 1% _[Hot 51 | 5
Tar, 1
8 e 20 ; 2 2 Target 1G and 100 2 : 10
« large arn
Other Discriminstions 6 1 7 7 10 . = 12
Total Discriminations Calculable 9 5 |pther Discriminations 2 i~
e
Total Discriminations Observed 12 ° PSS m_——— 12 12 -
: 12 12 [mn Discriminations Observed EE S
Closest Discriminetion Calculable: 5-PI k__ S 5-PI
1osest Discrimination Calculable: __’___________———-—'—“"——-__

1-¢ 7127 g 3143 ean Range (yds Placrimination Mean Renge(yds D“""”'mil?_ - 3967
1o 6683 : 4-100 2453 1:(:00 ' :':E 4200 S
1-PI 3793 4-pT 1593 4-PI 1877
3¢ 3883 1-P1 2510 o i
3-100 2843 ' 21 a6 5.5 2087
3-PI 1743 2—100 2800 o 1383
=PI 1557
-
L e

302 RESTRICTED
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FIELD TESTS OF OPTICAL INSTRUMENTS
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Discrimination Meaﬁﬁﬁg&?g%ggsmgﬁcaziso Ton HanPLSCRIMIIATION
e Gl : I::aGtJ.on Meaxzo}?sznge(yds) iscrimination Mean Range (yds
1-100 8267 4-100 3017
1-PI 3683 4-p1 1817
3-G 5033
-100 28063
3-PI 1h4y7

304
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x
Discrimination MeaﬁR%?mT{Iygssmggsscrlémgtj o
1-G 4027 5@
1-100 3120 i
1-P1 1750 2R
3-G 1993
3-100 1617
3-P1 -
-
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1557
1393
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HH BY DISCRIM(ENATI%?Lcrlmlnation Ween Renge(yds

tean Renge(yes

NAVORD REPORT 77-46 /
DATA OF RUNS P 0 R SET who DATA ON RUNS FOR SET Wi-1
SUMMARY OF INSTRUMENTS . SUMMARY OF TKSTRUMENTS
Instruments Position 90% RRP 50% RRP Lno LXURORts rostiion o 2B TR
7x50x7 HH _ HH - T 84,0 100.0
7x50x10 HH varted 8.0 100.0 ' e 686 8 83.0 4.0
X Z . .
re BT6826 varied 79.0 9.0 b, 7x50x10 HH BT 82 96
xi2x12 HH - 5 2 HH “a" 9 0 96.0
varied 69.0 83.0 3. oxkz2xl
LB
5.
[3.
Runs Simult Date No. o RANIES e
) . on  Course Wind wind Obse rver Target  search  Search
Set Date gg:ﬁr"eﬁ _gffggt Search Search Runs  Simult. Dace Nom.mgn gourse Sect. 1 3-100 Terget  Range
. Target Range Set Range{yds) (yds
200 - . Range{vds) (yds)
= 2 06 -
102 vE . . 5 Saldikowski 3550 SM - 1 AGF) 11-2 1 210 Hughs 2180 sC 2200
- 065 - 107 -
106 vE ey . > Stroud 2300 sM - 6  LAF) 112 3 210 ¥ Ferone 1300 sc 2120
5 - Vedovato ! - )
2860 SM 0 sC -
- 210 W Bridges 137
1w 1A(R) 11-2 5
SUMMARY OF OCCURRENCE OF S '
IGNIFICANT "F" - ng" VALUE RIMINATIONS '
Rung — — s oN_DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIFICANT °F VALUES glgsgﬁgrs Thstruments
ot Siz. 5% . Sigse;‘%ers " . énstrument;s T Runs % |fot_Sig. 59 7 ot SLE. OF 7 1%
Target 1G and o ) ot Sig. o 1 . )
nd 100 1 L . 5 2 ! i
Other Discriminations 7 2 Target 1G and 100 ¥ 1 i 1
3 y 3 —
Total Discriminations Calculable 9 . 6 1 Other Discriminations 2 7 7
Total Discriminations Observed 12 1o 9 Potal Discriminations Calculable 1 n 11
12 Totel Discriminations Observed 1
Closest Discrimination Ca
lculable: 5-PI
Closest Discrimination Calculable: 5-]'00’_//
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FIEID TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT T7-46 o el
h ATA ON RUKS FOR SET -
DATA ON RUNS FOR SET y(s)i-2 ; D W(s)1-3
SUMMARY OF INSTRUMENTS
SUMMARY OF INSTRUMENTS E 1t
Instruments Position 90% RRP 50% RRP Instruments Fosirion 202 RRP 50% RRP
1. 7x50x7 ER - varied - 100.0 1, 7x50x7 HH - 9 80.0 100.0
2.  7x50x10 HE 376326 varied - - 3 L, 7x50x10 HE BTE826 8 94.0 105.0
3. 6xiex12 =W nyn varied - - ' | guzxa2 HH npn 7 78.0 89.0
L. i
> 5
6. 6'
RANGES RANGES
Runs Ssimuetlt. Date Ngéton Course  Wind Observer Target Search Search Tons  S1muit. Date To. on  Course wind ggzirvei gfiggt gig:}é giigh
€ Sect. 1 3-100 Target Ran, Date . ds
Rene (yds ) 8 (ydﬁ Set Range(yds) (yds) |
121 B(s)A 1i-5 7 210 - )
Farone 2050 sc 4250 11-6 3 210 - Hughs 1950 SH 3500
123 B(s)a  11-5. g 210 - Hughs 1300 S . 125 B(s)A N 1900 S¢ 3100
- 210 - Bridges
12k H(1)a~2 11-6 1 065 - Bridges 2130 s¢ 127 B(s)A -6 > 1250 se 2500
- - ne
129 B(s)A 11-6 7 210 Faro
SUMMARY OF OCCURRE I " = - " INATIONS
NCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIFICANT " VALUES 02 Diﬁgﬁ“
NotT ST Rung Observers Instruments SUEMA Rung s 7 ot Sig, 5b 1%
g. 5 1% [Not Sig. 5 1Z_[Not sSig. 5 I ot sig. 56 12 :
Target 1G and 100 e L i
Other Discriminations Terget 1G and 100 . 1| w2 10 2
10 4
Total Discriminations Calculeable [ther Diserininations 1 & o
= o
Total Discriminations Observed fotal Discriminations Caleulenie 14 1 .
Total Discriminations Observed A—
Closest Discrimination Calculable:
Closest Discrimination Calculable: ©-109 e
I
ARITHMETIC MBANS 7 x50 x 7 HHE BY D TION as
IDiscrimination Mean Range(yds Discrimination Mean REgZ%M;NATION ¢ MEANS 7% 50 X T HH BY DISCRm(I;r;Almscrmmation Mean Rangely
yds) Piscrimination Moan Rangs(3ds - ARITHMETIC L& {aTastion Mean Range(y
3-G - Discrimination Mean Range(yds) |Discr _
_ §-FI
3-100 2667 1-G 7033 2063
- - 1-100 3693 o6
' 6-100 1377
1-PI 1983
1 3-G 2183 o-FI -
181
3-100 1700 o-G
3-pT - 6-100 1333
‘ k- 2233 o-F1
; 4-100 1420 L_,/'/
i
306 )
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TELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 /_ APPENDIX C \
(o] RUNS FOR Wis)j-
DATA ON RUNS FOR SET Wj-l DATHA N SET Ws)j-2
: SUMMARY OF INSTRUMENTS
i SUMMARY OF INSTRUMENTS Trstruments Position 90% RRP 50% RRP
Tns truments Position 00% RRP 50% RRP
7x50x7 HH - 7 86.0 100.0 | Tas0nT HH - varled - 100.0
7x50x10 HH BT6826 8 92.0 97.0 | qxs0xi0 HH BT varied - -
6x42x12 HH npt 9 8%.0 91.0 ! gxhoxle HH naR varied - -
]
5.
A
. 1.
e
RANGES RAKGES —soE
Runs  Simult.  Date  No. on  Course  Wind Observer Target  Search  Sear Course  Wind Gbserver  darget  search ear
. er ch it. Date Ho. on =% -100 Target  Renge
Set Date sect. j 3-100 Target  Range Runs sg‘:\é Date Sect. Ra?me(yds) & ds
Range (yds) (yds)
108 1(a)F  11-2 2 065 - Jagelewski 2000 - - P 06t W panford 2700 s 3050
B{3)F 11-5 ~
110 1(a)F 11-2 4 065 W Parker 1170 - - 120 B(s) . . parker 2400 SM 3400
112 1(A)F  11-2 6 06 « 122 B(s)F 11-5 8 065
5 - Bamford 1500 - - ' . 65 - Jagelewskl 3650 5C 2300
126 B(s)F 11-6 4
; - S
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS - "RRENCE OF SIGRIFICANT npv VALUES ON DISCRmINAT
l_ Runs Observers Instruments SUMMARY OF OCCURRENCE OF SIMELIow os—=— CbseIvers 1§ Tot Slg. 5% 1%
Not Sig. 5% 1% [Not Sig. 56 3% ot Sig. 5% 1% Wor Sip. of 1% [Hot Sie. 0t S5
Target 1G and 100 2 2 2
Other Discriminations 1 2 3 1 X N : ferget 1G and 100
.
o
Total Discriminations Calculable 5 5 p Jther Discriminations —
Total Discriminations Observed . 11 1 1 fotsl Discriminations Celculable
B Total Discriminations Observed
]
Closest Discrimination Calculable: 5-100
Elosesc Discrimination Calculable:
ARITHMETIC MEANS 7 x 50 x 7 HH BY DIS ATION as
Discrimination Mean Range(yds) |Discriminatio CRIMINATION o x 7 HH BY DISCRIMIN S7iminetion Meen Range (¥
lon  Mean Renge(yds) [Discrimination Mean Range(yds ARITm&ETIg ?Egﬁcn;macson tican Range (79) [P13
-G 5733 fﬁscnmmnnon Mean Range(yds
1-100 2993 3-G -
1-P1 1750 3=100 2450
3-G 2030 3-P1 -
3-100 1557 j
3-P1 -

308
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APPENDIX C
FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-kg ——
. DATA ON RUNS FOR SET wpi
DA®A ON RUNS FOR SET W(s)i3 S
' SUMMARY OF INSTRUMERTS
SUMMARY OF INSTRUMENTS onts Position GO% RRP 50%_RRP
Instrumants Position G0% RRP 1 T mﬂ
~ - varied 73.0 100.0
TXROX" ¥R 232033 9 84.0 00,0 } | 7x50x7 HH 8 0.0
s ' CRoE varied 0.0 100.
2.  TRSIxLO HE BN 8 80.0 89.0 7x50x10 HH BTOB2C
ol ron 2 ngh varied 74.0 94.0
3. Sxboxis HE A T 7.0 76.0 ! gxh2x12 HH
L L
5.
. e
6.
.
-ﬁl'.'----__
= RANGES 5
- T RANGES Targec  oearch  Searc
Runs  $;uiz. Iste No. on Course  Wind Observer Target  Search  Search ————§T5uLt. Date Tio. on  Course Wind ggi'f:‘“e: 3-100 Terget  Renge
S== Date sect. j 3-100 Target Range RS Soet Date Range(yds) (vds)
Range (yds) (7ds)
128 3(s)r 11-6 6 065 - Jagelewski 3100 SX 2720 210 W Griffin 2950 sc 2720
3 - 20-9 3
132 B(s)F 11-6 10 065 - Parker 1900 M 3200 n BO)X 0 Lee 1950 S¢ i
h! - = N o- 5 -
130 B(s)F 11-6 8 065 - Remford 2150 SM 2710 76 B(l)x 10-9 210 " Ross 4580 s 150
19 BQX 20-9 J c
¥ T AT " MTIONS._—-———-—"_"
SOMMARY OF QCCURRENCE OF SIGNIFICANT "F" VALUZS ON DISCRIMIRATIONS ; "MMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRINI Tnstruments
Runs Observers | Instrimsnis— SUMMAR = Runs g, oF
Not Sig. 5% 1% [Kot Sig. 5% 1% ot g:.tr;“'n"sl Hot Sip. ob
Tarset 16 and 100 2 a N .
Other Discriminetions 9 1 8 . 2 8 . ferget 1G and 100 .
Totel Discriminetions Celoulable 12 - e - Other Diseriminations
- lable
Totel Discriminetions Obssrved 1l " w Total Discriminations Calcu
Total Discriminations Observed
Closest Disczdmimmsion Csleumlable: 6-100 7-p1
Closest Diserimination Calculable: /
ARTTIMEIIC MEANS 7 x 50 x 7 FA BY DISCRIMIRATI TON fiean nenge(yds
Y IMIRATION ion Mean
Discriminstion Msen Xange(7Gs) |Discrimination Moen Range(yds\?‘:{gzcrimination — _ ARTTHMETIC DisoTiminat
h g
-6 6800 4-PI 1400 ange(y [iscrimination Moan Range(yos)
2650
-1 -
17200 1310 5-6 2203 1-6 7533 = .
1-PY 2333 5-100 1530 1-100 TL70 7-100 50
3-G 3010 5-PT - | 1-p1 5120 7-F1
3-100 2383 6 1800 3-c 5017
3-P1 1560 7-100 1610 3-100 3160
4-G
2800 7-PT . ) 3-P1 2133
4100 1833 V /
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FIELD TESTS OF OPTICAL INSTRUMENTS

e

NAVORD REPGRT 77-46

DATA

ON RUNS FOR SET wz-2
Ix{st;ruments SUMMARY_ OF INSTRU?EI:E%S@H S0 RED =04 RRP
1.  7x50x7 HH varied 76.0 100.0
2.  7x50x10 HH BT6826 varied 79.0 95.0
3. 6xl2x12 HH :N varied 80.0 88.0
I
5.
6.
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. =z 3-100 Target Range
Range(yds) (yds)
85 B(1)x 10-10 210 - Ross 2280 sc 2400
87 B(1)x 10-10 210 - Lee 1400 SM 2300
90  B(1)X 10-10 210 - Griffin 3250 sc 3k20
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instruments
Not Sig. 5% 1% [Not Sig, 5% 1Z INot 8ig. 5 1
Target 1G and 100 2 2 2
Other Discriminations 7 7 7
Total Discriminations Calculable 9
Total Discriminations Observed
Closest Discrimination Calculable: 7 PI

ARTTHMETIC MEA.

Discrimination Mean Range(yds)

1-G
1-100
1-PX
3-G
3-100
3-PI

6627
5900
4483
3320
2310
1530

NS 7 x 50 x 7 HH BY DISCRIMINATTON
Discrimination Mean Range(yds)

7-G 2383
7-100 2177
T-PX 1667

1serimination

Mean Range (yds

312
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APPENDIX C
DATA ON EKUNS FOR SET DR
¥MARY OF INSTRUMERTS
ents 5 R : Position S0% RRP RRE
""" Instrum 50%
//}“_’__ 8 76.0 100.0
- 1 9 75.0 99.0
750 ,
fp O e 7 96.0 119.0
7 VFA
g, Tx50%
1,
e
.
-__._.-—-'-'-—'--_ h
RANOES Target Search Searc.
Observer & Range
Couraw  Wim 2100 Targe
FSET e e sect. o A ) s} |
) Set
250
] W Barger 1125
- -
! e ¥ stroud 11000
& 2
: e W Courtney 2750
11-23 3
6

T
25 ON_DISCRIMINA
Vit Observers

SUMMARY OF OCCURRENCE OF vers |

‘Terget 1G and 100
Other Discriminations

7otal Discriminations calculable

Total Discriminations Observed

: F -FI
EJsest: Discrimination 0&1_

TION foen Range (yds
M"’%‘?ﬁ%% piseriminstion He
ARIWTI% m%]isscrimlna“m Wean R e ggﬁg
Discrimination Mean Range(yds ] lzggg B0 015
- 12250 2 12400 B-PI
1 12130 - 3 i
1-100 2 . o 300
| e e | o 3
- ehe 7
- 12580 0—100 501b F
%—gao 12330 g_ o
3-P1 10030 5600
3300
U-g 12500 g'-?oo 2i60
i wh | e
. -G 8333
A-g 12460 1000 %
| ois 1o-F1
A-P1 L_,’_’///
33
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” PIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 — APPENDIX C
DA
DATA ON RUNS FOR SET c(1)a TA ON RUNS FOR SET bs
SUMMARY OF INSTRUMENTS
SUMMARY OF TNSTRUMENTS T
Tnstruments Fosition 90% RRP 50% RRP Instruments Position 90% RRP 50% REP
. 7x50x7 HH 120 86.0 100.0 1. 7x50x7 HH 11 78.0 100.0
2. 7x50x7 Mon. 1 92.0 100.0 b, 7x50x7 Htd. 12 91.0 108.0
3.10x50x7 HH 12 93.0 102.0 3. 7x50x7  VFA 10 9.0 117.0
'R 4.
5. . 5.
6. 6.
RANGES RANGES ﬁ
Runs  Simult. Date No. on  Course Wind Observer Target Search Search Runs  Simult. Date No. on Course Wind Observerl Target Search Search
Set Date Sect. at 3-100 Target  Range Set Date Sect. 3 3-100 Target  Range
Range (yds) (vds) Range(yds) (yds)
4 T 1123 1 W saidikowski 9450 12-8 e W Foley 12150
11-23 2 W Vedovato 10300 8 12-8 3 L 15200
11-23 3 W Bombard 11200 , 9 12-13 4 - Milling 10600
SUMMARY OF OCGURRENCE OF SIGNIF;[{CANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIF:PE{CANT "R VALUES 8§s£§32§:MTNATIONSmstmmnnts
uns Observers | Instruments 203 -
Not Sig. 5% 1% [Not Sig. 5% 1% F!ot Sig. 5% 1% Hot Sig. 5% 1% |Not Sig. 5% 1%_[Not Sig. 5% 1%
Target 1G and 100 2 2 2 Target 1G and 100
2
Other Discriminations 1B 7 3| 22 3 1 22 3 1 bthor Discriminetions 23 1 ek 3 1
2L
Total Discriminations Calculable 28 28 28 Total Discriminations Calculable 24 2
Total Discriminations Observed 45 45 15 fotal Diseriminations Observed 33 33 33
Closest Discrimination Calculable: F-Pf Closest Discrimination Calculable: F-FI
ARITHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION HH BY DISCRIMINATION -
s ) pis ARITHMETIC MEANS 7 x 50 X rimination Mean Renge(yds
Discrimination Mean Range (yds) [Discrimination Mean Range(yds) [Discrimination  Mean Range(yds Dlscrimination Hean ?tange yds) |piscrimination Mean Range(yds) {pisc
1300 13727 8-300 19973 Eg So0o A-G 10610 C-%00 w3
i-p1 10133 9-PI 8960 3-P1 ot37 A% 1943 -1 a9t
g:goo ﬁﬂ;{ 500 4050 iy 2700 v-G 12643 D-G 322%
3-p1 9516 C-PI 2a30 F-100 2567 Yoo Yor 100 perdd
> g F-PI 1783 €-PT 11820 D-PI
- 11510 D-G - 12937
4-100 10593 D-100 : u-G 13217 108 0 12650
4-p1 9167 D-PI 2850 9-100 12550 10-PI 11093
- 10327 &-PI 11077
A 10-G 10850 £ 3177
A-100 2285 10-100 10283 B-300 2570 F-100 e
10-p1 9333 E-Pr 2850 F-IT
314 315
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 3 . APPENDIX C
DATA ON RUNS FOR SETcG ; DATA ON RUNS FOR SETcQ
SUMMARY OF INSTRUMENTS : SUMMARY OF INSTRUMENTS
Instruments Position Q0% RRP 50% RRP i Instruments Position 90% RRP 50% RRP
- | -
1. 7x5OxT HH 10 77.0 100.0 : 1. 7x50x7 HH 10 78.0 100.0
2. Tx50x?  Men. 12 81.0 92.0 5. 7x50x7 Men. 12 90.0 100.0
3. Xsked Eye 11 72.0 ) 84.0 : 3.  Neked Eye 11 62.0 84.0
x5, "
S, 5.
5. 6
Rans  Simulc = Ratese RS b Target  Search  Search
S il . te No. on Course Wind Observer Target Search Search Simult. Date No, on Course wWind Observer arge earc earc
Set Date Sect. 8! 3-1000 Target Range Runs Set Date Sect. q' 3-100 Target Range
Range (yds) (7ds) Range(yds) (yds)
10 12-15 1 - Anderson $200 1 11-21 1 W Bridges 13700
11 12-13 2 - Hughs 14000 2 11-21 2 W Phillips 13100
2 12-13 3 - Staton 12700 3 11-21 3 W Klooz 12730
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES 8§ DIsggiMINATIONSInstmmnnts
Runs Observers ThsCI=snt Runs SQ%W
ot Sig. 5% 1% |Not Sig. 5% 1% TNot s?it 5 = 51 Not Sig. 5% 74 |Not Sig. 5 1% [not Sig. 5! 1
Treet 18 axd 200 2 2 2 - l Target 1G and 100 2 1 1 2
. j y
Oter Discrimirations 23 5 2 a9 1 1 29 2 other Discriminations 33 3 36 >
fetel Diserintoavions Csloulable 38 33 33 Total Discriminations Calculable 38 38 38
1 e . uy
Totsl Diserimfrstions Observed 356 36 36 Total Discriminations observed Ly iy
I + -
PHosest Diserintzation Cslculsble: 10-PI Closest Discrimination Calculable: E-PI
ARTTEMETTC MSANS 7 X 50 X 7 HH BY DISCRIMINAT HH BY DISCRIMINATION
3 oF = 2 I0N pIC MEANS 7 x 50 x T an Renge(yds
Prserimization Wean Range(yds) [Discrimination Nean Range(yds) [Discrimination  Moan Rangs (7ds Discrimination MeaﬁRgig{lﬁ yds) [Discrimination Mean Range (yds] Piscrinination Mo sy
-e 12650 =G 2o . s 1-G6 17627 16803 c-G 1e217
Lo 11500 =100 iéési e-G_ 6233 1-100 17110 g:(l? 00 16803 ¢-100 12153
-FT 11167 6-PI 10267 oty o I 11283 6-P1 11300 ¢-PI
-3 13517 7-G 068 . 3-100 16920 11333 DG 9817
S : 3 fat -G b1
i 12460 7-100 €333 o %0 & 3-P1 13267 T Joo 11267 D-100 e
S 10600 [t b1y > 1% 4-g 17087 7-P1 9433
= b , - - 14700
- 13777 9-6 1983 Yo-a L0 17100 18820 9-6 15T 19-300 13177
P 13150 g-100 vbgy 10-100 11567 5-G 17087 9-100 e 10-PI 7950
3N 11167 O~PI {ius; 10-FT 533 ) 5-100 16920 9-PI 9837 8310
A~ 9783 B-G 900 o ‘ >-FI 13143 13033 1 0
~ AN S ] B-G -100 175
A-1.20 8017 B~100 66 B-100 12950 E 2250
a-PI 5583 B-PI e A 300 15t B-FI 4650 E-H
- A-PI 7033
(3t ; " 317
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FIELD TESTS OF OPTICAL INSTRUMENTS NAVORD REPORT 77-46 1 APPENDIX C
; .
DATA ON RUNS FOR SET XD 4 DATA ON RUNS FOR SE T k(1)
H
SUMMARY OF INSTRUMENTS R ' SUMMARY OF INSTRUMENTS
Instruments Position 90% RRP 20% RRP Instruments Position G0% RRP 50Z _RRP
L. 7x50x7 HH 7 85.0 100.0 1. 7x50x7 HH 1 78.0 100.0
b, 7x50x7 Mon. 9 84.0 96.0 2. 7x50x7 Mtd. 2 94.0 113.0
3. 10x50x7 HH 8 81.0 95.0 3. 10x50x7 Mtd. 3 99.0 118.0
4, k.
5. 5. :
6. 6.
RANGES RANGES
Runs Simult. Date No. on Course wind Observer Target Search Search RUns STmult. Date No. on Course Wind Observer Target Search Search
Set Date Sect. dt 3-100 Target Range Set Date Sect. g! 3-100 Target Range
Range(yds) (yds) Range(yds) (yds)
7 12-8 2 W Roark 16650 7 12-8 2 W Staton 13880
12-8 3 W Nauman 10000 8 12-13 y W Anderson 13880
9 12-13 Ll = Vedovato 13220 9 12-8 3 - Rughs 10250
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS SUMMARY OF OCCURRENCE OF SIGNIFICANT wp' VALUES ON DISCRIMINATIONS
Runs Observers Instruments Runs Observers Instruments
ot Sig. 5 1Z_|Not Sig. 5 1%_[Not Sig. 5 1 Wot Sig. 5% 1% [lot Sig. 5% 1% Wot Sig. 5% 1%
Target 1G and 100 2 11 2 ' Target 1G and 100 2 2 e
i
Other Discriminations 15 12 b 26 4 1 29 2 other Discriminations 5 5 1 | 31 29 1 1
Totel Discriminations Celculable 33 33 33 Total Discriminations Celculable 33 33 33
Total Discriminations Observed 36 36 36 Total Discriminations Observed 36 36 36
Closest Discrimination Calculable: F-PI Closest Discrimination Calculéble: F-PI
ARTTHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION ' THMETTC MEANS 7 x 50 x 7 EH BY DISCRIMINATION =
Discrimination Mean Range(yds) |Discrimination Mean Range(yds) PDiscrimination Mean Range(yds Discrimination MeaﬁRﬁange yds) [piscrimination Mean Range yds) Discrimination Mean Range(y
1-G 16150 6-G 16060 D-G y ' G 17177 D-G 3350
1-100 15767 6-100 15827 D-100 :‘:uﬁg .. :1%3;(3) 2—100 16393 Dgids gggg
1-PI 14667 6-P1 13377 D-PI 2833 1-p1 14283 6-P1 11k23 ReRL
3-G 16060 9-G 13877 10-G y 12600 10-G 14267
B _ -G . 12670
3-100 1582 9-100 . 13483 3-¢ 17287 2 10877 10-100
3-P1 13453 o-P1 1336 1001 1355 . 1983 S 0563 10-P1 11727
4G 16060 B-G 9600 8493 F-G o733
F-G 0 - B-G e 2260
3‘100 15827 B-100 9600 F-100 ggg‘? 3—(1}00 igggg B-100 el ppt 1583
-1 13610 B-PI 6983 FFI 2360 4-Pr 12050 B-PI 72
A-G 12560 c-G 6 387
= -G
A~ 100 12360 €-100 2361 100 1;?%?) 6-100 ne
A-PI 8h27 Cc-PI 3803 A-PT 8093 ¢~PI 2667
319
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DATA ON RUNS FOR S8SETRE
SUMMARY OF INSTRUMENTS
Instruments Position 90% RRP 50% RRP )
1. 7x50x7 HH y 79.0 100.0
2. 6x33x8 Mon. Mtd. 6 103.0 112.0
3.  4x28x10 Mtd. 5 95.0 104.0
b,
5.
6.
RANGES
Runs Simult. Date No. on Course wind Observer Target Search 8earch
Set Date Sect. e! 3-100 Target Range
Range (yds) (yds)
13 11-23 1 W Anderson 8350
11-23 2 W Barberio 11650
6 11-23 3 W Brau 9200
SUMMARY OF OCCURRENCE OF SIGNIF;CANT "F" VALUES Og DISCRIMINATIONS
uns Observers I Instrumsnts
Not 8ig. 54 1% [Not Sig. 5% 1 [Not Sig. 5 1
Target 1G and 100 2 2 2
Other Discriminations 35 5 2 36 6 39 3
Total Discriminations Calculable 4y 4y L4
Total Discriminations Observed 45 45 45
Closest Discrimination Calculable: G-100
ARITHMETTIC MEANS 7 x 50 x 7 HH BY DISCRIMINATIO
Di nati :
scrimination Mean Range(yds) [Discrimination Mean Range(yds) [Discrimination Mean Range(yds
1-G 13400 -G -
1-100 13317 9 550 11183 E-G 6216
-5 12544 e 3 E-100 4117
7917 E-PI 2167
3-6 13937 c-G
3-100 13417 €-100 i ey 3920
3-F1 10593 c-P1 387 F-100 2650
bl 2317 F-PI 1643
4-g 13450 D-G
4-100 13333 D-100 3583
4-pP1 10417 D-PI 2250
A-G 13250 0-
A-100 13133 Jio-(:;’_oo 10777
A-PI SV ES 10-p1 9733
7927

320
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APPENDIX ¢
DATA ON RUNS FOR SETF w
SUMMARY OF INSTRUMENTS
Instruments Position 0% RRP 50% REP
1. 7x50x7 HH 4 82.0 100.0
>, 6x33x8 Mon. Mtd. 6 8.0 93.0
3. 4x28x10 Mtd. 5 84.0 93.0
y,
5.
6.
R b T t 3 h S8earch
. Course Wind Observer arge earc
Runs Sjéglglt. pate N%atgn Sect. j! 3-100 Target Range
Range (yds) (yds)
10 12-15 1 - Parker 8700
11 12-13 2 - Pauli 16200
12 12-13 3 - Meadnis 15450
" UES ON_DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGNIF%ggl;T F" VAL T T
Not Sig. 5% 1% INot Sig. 5% 1% ot Sig.
2 2
Target 1G and 100 2 % s
26 5
Other Discriminations 13 11 7 ~
33
Total Discriminations Calculable 33 iy
36
Total Discriminations Observed 36
Closest Discrimination Calculable: 10-PI
ON
ARTTHMETIC MEANS 7 X 50 x 7 HH BY DISCR:([McIlr;I)XTgiscrimination Tiosn Range(yas
Discriminatlon Mean Range(yds) [Discrimination Mean Range (¥ 6560
15067 e-¢ 6000
1-¢ 15767 6-G 10733 6-100
b 12223 §-100 10700 C-PI 4333
6 7-G 10967 DG o e300
3-G 15% 7 7-100 10083 gPI 3017
3P it 7-F1 7367
i i 1456
486 9-G 13177 18—(1;00 1328;{
4-¢ 14867 3-100 , 13963 P 10783
320 16s00 9-PI 10910
A-G 81400 B-G 'g’s‘gg
A-100 8300 B-100 4093
A-PI 5317 B-PI
RESTRICTED 321
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DATA 0N RUNS FOR SET oH
SUMMARY OF INSTRUMENTS
Instruments Position 90% RRP 50% RRP
1. 7x50x7 HH - 1 75.0 100.0
2. 10x80x7 Mtd. 00325 2 98.0 108.0
3. 6x50x7 Mtd. al012 3 82.0 90.0
iy,
5.
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Search
set te sect. h' 3-100 Target Range
Range(yds) (yds)
10 12-15 3 - Bombard 7800
1l 12-13 2 - Farone 15800
i2 12-13 3 - Calloway 16500
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
Runs Observers Instrumsnts
Not Sig. 5% 1% |Not sig, 5% 1 ot Sig. 5% 1%
Target 1G and 100 1 1 1 1 1 1
Other Discriminations 17 7 7 23 6 1 26 3 1
Total Discriminetions Calculable 33 32 32
Total Discriminati
nations Observed 39 39 39
Closest Discrimination Calculable: p-pI
ARTITHMETIC MEANS 7 x 50 x 7 HH BY DISCRIMINATION
Discrimination Mean Range(yds) [Discrimination Mean Range(yds) [Discrimination Mean Range (yds
1-G 15333 -
1-100 15633 ;_(1300 ggf? D-G 6760
1-PI 12117 7-P1 eant D-100 7183
333 D-PI 4933
3-G 15260 -G
3-100 14567 3300 13i67 10-G 13883
3-F1 11210 . 12400 10-100 13367
9 10917 10-PI 10350
4-¢ 14900 B-G
4-100 13767 - 8750 F-¢ 5397
4-PT 10583 g_rle)O gggo F-100 5070
7 F-PI 3500
A-C 8767 -
ey g 7826
233 Cc-PI 4983
3ee RESTRICTET

R are - geay

APPENDIX C
DATA ON RUINS FOR SET oL {
SUMMARY OF INSTRUMENTS
Instruments Position 90% RRP 50% RRP
1.  7x50x7 HH - 1 82.0 160.0
2. 10x80x7 Mtd. - 2 108.0 125.0
3.  6x50x7 Mtd. Al012 3 84.0 104.0
'R
5.
6.
RANGES 5 W .
t. Date No. on Course wWind Observer Target Searc Searc
Runs Sé‘g‘él Date Sect. 1! 3-100 Target Range
Range(yds) (yds)
y 11-23 1 W Jagelewski 11700
11-23 2 W Atchison 11400
11-23 3 W Hughs 11500 |
IFICANT "F" VALUES ON DISCRIMINATIONS
SUMMARY OF OCCURRENCE OF SIGN fIiuns Obsoryers T ETASHES
Not Sig. 5% 1% |Not Sig. 5% 1% Mot 3ig. 5 1
Target 1G and 100 2 2 2
Other Discriminations 27 3 26 b 27 3
2
Total Discriminations Calculable 32 32 3
2
Total Discriminations Observed 32 32 3
Closest Discrimination Calculable: G-100
ION
THME NS 7 x 50 x 7 HH BY DISCRIMINA s
Discrimination Mea‘xxxR:l[?angeTg'gsmgiscriminatj.on Mean Renge (yds) [Piscrimination Mean Rang &
83
- 11450 E-G 79
1300 1358 5-100 11167 B 5859
1:%1 12127 9-PI 8267 E-PI
00 F-G 3233
- 431 c-G 29 - 100 2983
§- goo i3gsg - 100 2917 1}; %g 1717
3-P1 10583 c-PI 3233 o
b-g 14233 D-G ey 98 1213
4-100 13700 D-100 38 o-PT -
4-P1 10467 D-PI
A-G 13350 10-G ﬁf’gg
A-100 12700 10-100 10317
A-PI 5783 10-PI
RESTRICTED 323
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DATA ON RUNS FOR SET o(l)L DATA ON RUNS FOR BSET FJF
SUMMARY OF INSTRUMENTS = X _OF INSTRUMENTS
Instruments Position Q0% RRP 50% RRP Instruments Position 90% RRP 50% RRP
1. 7xsox7 HH - 1 78.0 100.0 * . 7xs0x7  HH 6 -0 100.0
2. 21x76x2.8 Mtd. - 2 84.0 9%.0 b, 20x120x3  Mtd. I 106.0 134.0
3. 6x50x7  Mtd. A-1012 3 87.0 96.0 3. 25x100x3.6 Mtd. > 106.0 133.0
. %
5. 5.
6. 6
= RANGES BANGES B T t Search Search
uns Simult. Date No. on Course Wind Observer Target Search Search imult. Date No. on  Course Wind Observer arge e
Set Date Seat 51 39100  Target  Range Runs S0 Date Sect. £ 3100  Target Renge
Range(yds) {yds) Range(yds) (yd
1 11-21 1 W Atchison 17600 7 12-8 2 W saidikowski 14330
2 11-21 2 W Jegelewski 16800 8 12-8 3 L Parker 9900
3 11-21 3 W Hughs 20030 9 12-13 - Tucker 15600
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS . SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ‘3’% nﬁg}gmm'rmnsmstmsms
Runs Obsexrvers Inst e -
Not Sig. 5 1Z_|Not Sig. 5 iZ_ ot sig.nsmisntsl% Not Sig. 5 1% [Not Sig. 5% 1% [Not Sig. O L
Target 1G and 100 1 1 1 1 2 Target 1G and 100
Other Discriminations 21 3 1 25 28 1 other Discriminations 20 2 2 2 1 L a2 .
er Discr
To tal Discriminations Calculable 27 27 27 fotal Discriminations Celculable 24 2k 2
Totel Discriminations Observed 45 45 45 Totel Discriminations Observed 33 3 >
Closest Discriminati s B-
on Celculable: F-PI ‘ Closest Discrimination Celculable: F-PI
ARITHMETIC MEANS 7 x 50 x 7 HH BY 'DISCRIMINAT CRIMINATION
EAN: ION x 50 x 7 HH BY DIS N —Tican Range(yos )
Discii(?i resen Mean2§:§ge(yd3) Discziminatj_on Mean Range(yds) |Discrimination Hean Range(yds i Discrimination MeaﬁRﬁnggsm‘\Dggcriminatj.on Meen Range (yds) [piscrimination fd 8
- -G 20017 10-G i -G 13807
TP 12%5 100 18810 10-100 1 gzgg ’ A-G 10800 B-G 932 10-100 13277
PI 15343 10-P1 16417 ‘ A-100 10027 B-100 9 10-PI 12037
3-G 20417 7-G - FI 5185
., 3-100 19650 7-100 1500 B-100 11080 AorL sokt > F-G 3067
3-PI 15577 7-PI 8610 B-FT 1gg;§ 6-G 16817 c-G 2335 F-100 §§%$
t- G 20383 o-g 17567 -G 857 6-100 15550 c-100 3867 F-PI
14:#1)0 13650 9-100 16217 F-100 ,;386 6-PI 12700 Cc-PI
14977 9-PI 12093 F-PI 3083 ord 14167 -G 14%50
=S zo3te 25, s | e Geat | FHoo Bj00 e
5~ P1 14017 B-PI y727 g%go 9033 1 9-FI 11387
A-G 19533 D-G
A~-100 18160 D-100 %gggg
A-PI 7750 D-PI 4300 1 L’/
4
. 32 RESTRICTED 325
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DATA ON RUNS FOR SET pE
SUMMARY OF INSTRUMENTS
| Instruments Position S0% RRP 50% RRP ]
1. TX50x7 HH - 6 78.0 100.0
2. 20x120x3 Mtd. = L 143.0 193.0
3. 25x100x3.6 Mtd. - 5 13%.0 174%.0
b,
5.
6.
RANGES
Runs Simult. Date No. on Course wWind Observer Target Search Search |
Set Date Sect. e! 3-100 Target Range
Range(yds) (yds)
11-23 1 W Anderson 13800
5 11-23 2 W Barberio 18930
6 11-23 3 W Brau 4300 i

Target 1G and 100

"F" VALUES ON
Obs

DISCRIMINATTONS
ervers
Not Sig. 5

2
Other Discriminations 28 8 2 38 3% 2 2
Total Discriminations Calculable 4o 4o 4o
Total Discriminations Observed 43 43 43

Closest Discrimination Calculable; F-PT

ARITHMETIC MRANS

Disci'imination Me

7 x50 x 7
Discrimination Mean Range(yds
6-G

HH BY DISCRIMINATION

I aneR;.;ge (yds Discrimination Mean Range{yds
- 0593 18 '

1-100 19033 6-100 18 %g & foo ;Zgg

1- P 17717 6-PI 16810 D-PI 3233

3-¢ 19793 7-G 11277 10-G

3-100 19710 7-100 10617 10-100 gg;g

3- PI 17443 7-PI 8560 10-P1 9000

-g 19660 9-G 1852 .

g- 100 19560 9-100 1?27; g— goo 253%

5- PI 17343 9-PI 12467 E-PI 2533

-G 19710 B-G -

5-100 19370 B~100 i?gg g- ?.oo 3?87

5-PT 16943 B-PI a1t F-PI 268%
A-G 19560 c-G 10127
A-100 18443 C-100 8583
A-PT 7050 C-PI 5717

326
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DATA ON RUNS FOR SET wC
- SUMMARY OF INSTRUMENTS
Instruments Position S0% RRP 50% RRP
| qxsoxy m 7 83.0 100.0
1. X
2.0 101.0
2,  7x50x10 HH 8 9
6x42x12 HH 9 g4.0 100.0
3.
b,
5.
6.
Rajozs h Search
Wind Observer Target Searc
Simult. Date No. on Course e, Toee Taraet Rernge
e 598 Date see Range(yds) (yds)
11-21 3 W Hambrick 10350
1 -
11-21 2 Zachmen 17950
2 -
11-21 1 Myers 16750
3 -

SUMMARY OF OCCURRENCE OF sxcmr‘;gﬁxgw "P"_VALUES ggsenlx‘sgiz‘gmmATIonsInstmmemsm
Not_Sig. 5% 1% [Not Sig. 5% 1 Mot Sig. 5
2
Target 1G and 100 2 2 X .
Other Discriminations 15 14 11 39 = ”
Total Discriminations Calculable b2 N s
Total Discriminations Observed 5

Closest Discrimination Calculable:

G-PI

HH BY DISCRIMINATION

THME tion Mean Range(yds
ARL TIg xsmggzc;{d;iggt?oz Mean Range(yds) lsc;flélna 7483
Discrimination Mean Range(yds P 19200 B-100 6243
1-G 16400 6-100 1901§ b-PT 3710
1-100 16400 &-PT 1513 10-G 15017
1-PT 16000 . 12293 Tomi60 15017
3-a 19200 7- 100 11883 16-P1 10760
3-100 19017 L 8893 ; 5300
3-PI 16160 16917 o200 1793
4G 19200 % o 16683 E-PI 2360
4100 19017 10 14743 . 13233
4-p1 15720 g . 12082 g:loo 1%%3%
- 860 "~ 92 >
g-(l}oo :}3860 g' %‘1’0 77 G-FI
5-PI 14743 ~ 10833
A-G 18876 %o 10933
e w | oo
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DATA ON RUNS FOR SET wB
SUMMARY OF INSTRUMENTS -
Instruments Position 90% RRP 50%€ RRP
1. Tx50x7 HH 8 81.0 100.0
2.  7x50x10 HE 9 91.0 98.6
3.  6xlexi2 HH 7 92.0 100.0
5,
5.
6.
RANGES
Runs Simult. Date No. on Course Wind Observer Target Search Searc
Set Date Sect. b! 3-100 Target Range
Range(yds) (yds)
10 12-15 - Roark 7700
1 12-13 2 - Neumaenn 16400
12 12-13 3 o Filissey 15600
SUMMARY OF OCCURRENCE OF SIGNIFICANT "F" VALUES ON DISCRIMINATIONS
L Runs Observers Instruments

ot 3ig, 5% 1%

INot 3ig. 5% 1% [Not Sig. 5% 1%

‘

Target 1G and 100 2 2 2

Other Discriminations 20 8 6 29 3 2 32 1 1
Total Discriminations Calculable 36 36 36

Totgl Discriminations Observed 36 36 36

Closest Discrimination Calculabl

e: P-PI

ARTTHMETIC ME

HH BY DISCRIMINATION

ANS 7 X 50 x
Discrimination Mean Range(yds) [Discrimination Mean Range(yds) IDiscrimination Mean Range(yds

1-G 15233 6-G 1473 N '

1-100 13593 6~100 11&568 g-goo 2333

1-P1 11150 6-P1 10333 Cc-PI 4677

3-G 14667 TG 10500 D-G 6
3-100 14360 7=100 9867 D-100 e3es
3-p1 10350 7-PI 6417 D-PT 340

4G 14783 9-G 13227 .

4-100 14360 3-100 10150 T igggg

-PT 10333 9-P1 9500 10-PI 9967
A-G 10833 B-G 12610 F-G 2950
A-100 9567 B-100 9917 F-100 eggo
A-PT 6283 B-P1 5733 F-PI 2033
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APPENDIX D

LIST OF PERSONNEL

0 -~ Observer 03 - Office Stafr
8 - Statistics Crew st -~ Stores
fe - Fort Crew (care of tar- S0 - Staff officer
gets, ete,) lo - Line Officer
be - Bridge Crew
Anderson, P, E. sM2/c USN 0 s Foley, J. J. MoMM2/¢C USNR 0
Atchison, G, B, QM1/¢ USN 0 s Garroway, A. M. PhM3/C USNR(W) s
Bemford, T, E, MoMM3/C  USNR 0 Ferguson, R. I. CBM USN be
Barberio, ®, q. s1/¢ USNR 0 s Gargano, M, R. sM2/¢ USNR be
Barger, P, X. MoMM1/C  USNR 0 Gassert, C, A. Lt.(gg)
Bergen, R.H, EM1/C USNR o] s(0 ISR 1o
Bowbard, 7. 3. fii2/o usvR o Greham, D, D. RM2/C USNR be
Breu, I. C,. s1/¢ USNR 0 s Grelner, ¢, L. s1/c USNR be
Brazil, J. MoMM2/C  USNR 0 Griffin, 1. w. Stgiigicaéaiﬁggﬁ—
2
Bridges, J. X. T™1/C USN 0 University °
Brown, §. W. EM1/C USNR 0 fele, B. T gh=/0 USHR ve
Calicesy, W. C.  MoMM3/c ysyR 0 sembrick, ¢ N.  qus/c USHR °
Carter, L. n. T2/ USNR o i Harris, R, ¢. sM2/c USNR fe
Casper, 6. 1. FC1 /0 USN 0 Haskins, R. L. GM2/C UsSN fe
Cole, L. C. MoMM1/C  USNR 0 fendley, Chas. w. ggfﬁﬁbgg 33?52?3%35 0
Colemen, ¢, 4. QM2/c USNR 0 Hughs, J, ¢ sM1/c USN 0
» J. C.
Cook .. B.
, E.. B Lt.H(S) usnR so Isselherdt, p, x, CSM(A4) USN s
Cook, Mrs, N. Civil service os Jackson, T A QM1/c USN r
, T. A c
Courtn 5
ey, J. A. TME3/C USNR 0 Jagelewski, R, ¢. QM3/¢c USNR 0
Curtis, J, P, Ens.(S) USNR so Johnson, G, g RM3/C USNR
) . . 3
Dey, G. C.
v, c CSM UsN be s Joy, L. w. QM2/c USNR be
DeGood, H.D, EM2/C USNR fe
o ’ Kern, F, g. QM1/c USNR be
o , R. B. GM2/c USNR 0 fc 3
o f Kirk, J. s, RM3/C USN 0
s, F. G. QM2/¢c USN be
v a ) Klooz, R, 1. QM2/c USNR 0
; To, Jr, Sect. 16-1 NDRe
weoten o o 0 Kozlowski, a, p, CMoMM USN s
, J. D, (! USNR fe
o o o Kramer, g, y. s1/c USN 0 s
, (! USNR be
A s Kuehner, g, g, ™2/C USN fe
LOwardas, ¢, USNR(W os
. (W) LaMontagne, 1, sM2/c USNR be
s, M. E, QM2/c USNR s st Lamourey,
s X, R. M. CMoMM USN s
sholz, F, MoMM3/C  usnr fe larson, 1. p o
» L. P. M USN
Faraone, P, 4. T™2/C USNR 0 Lamer, E, f, )
> E. L. Operations Evalua-
Fillissey, F. EM3/c USNR 0 t10n Group, Comineh 0
Lee, R. §,

Cmdr, H(S) ysngr 0
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